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ABSTRACT 
THE EFFECT OF COPPER AND ZINC SOURCE ON PRE-WEANING 
PERFORMANCE OF COWS, HEALTH AND PERFORMANCE OF SUCKLING 
CALVES, AND POST- WEANING FEEDLOT PERFORMANCE, CARCASS 
COMPOSITION, AND MEAT QUALITY OF CALVES.  
JESSE FULTON 
2016 
During gestation an elevated level of nutrient intake is required by the cow in 
order to meet the requirements of the maturing fetus and if these requirements are not 
met, changes in fetal development can occur. However, little is understood about the 
effects of gestational manipulation of specific nutrients, such as minerals, on progeny 
growth, performance and carcass traits.  Previous research supports the hypothesis that 
minerals provided in an organic form should be more soluble and readily available to the 
body for absorption. Therefore the objectives of this study were to determine if source of 
gestational and post-natal Cu and Zn affects cow reproductive performance, calf health, 
feedlot performance, carcass traits, and overall meat quality.  
Commercial cows primarily of Angus genetics (n=287) were randomly assigned 
to 1 of 2 treatment groups: 1) Maternal/pre-weaning – Inorganic (MPW-INORG): cows 
were supplemented with 15 mg/kg DM Cu and Zn in the form of CuSO4 and ZnSO4, 2) 
Maternal/pre-weaning - Organic (MPW-ORG): cows were supplemented with 15 mg /kg 
DM Cu and Zn in a proteinated form. Cows began to receive their assigned mineral 
supplement 30 d prior to timed artificial insemination (AI) in the spring of 2012. Cows 
were maintained in separate pastures by treatment group and received their treatments via 
free choice loose mineral. Cows and calves remained on treatment supplementation until 
xvii 
 
weaning in October of 2013. Cow and calf liver biopsies were collected for analysis of 
mineral content. Cow BCS, BW, and pregnancy data were recorded, along with calf WW. 
Blood samples and nasal swabs were collected from calves to evaluate measures of calf 
health prior to weaning. After weaning and arrival at the feedlot, calves (n=168) were 
allotted into 24 pens based on BW at weaning so that the average pen weight was 
consistent between all pens and pens were blocked by sex, resulting in 7 calves per pen. 
Each pen contained 3 calves that had been previously liver biopsied. A crossover design 
was utilized such that half of the calves from the MPW-INORG treatment remained on 
inorganic mineral supplement while in the feedlot (FL-INORG), while the other half 
from the MPW-INORG treatment switched over to organic mineral supplement in the 
feedlot (FL-ORG), and half of the calves from the MPW-ORG treatment remained on 
organic mineral in the feedlot and received the FL-ORG treatment, while the other half 
from the MPW-ORG treatment were switched over to the FL-INORG treatment resulting 
in four treatment combination in the feedlot 1) MPW-INORG/FL-INORG, 2) MPW-
INORG/FL-ORG, 3) MPW-ORG/FL-INORG, 4) MPW-ORG/FL-ORG. Liver biopsies 
were collected to determine change in mineral content during the feeding phase. Calf 
BW, ADG, DMI and G:F were recorded to determine feedlot performance. At harvest, 
carcass data was collected, and one striploin (n=161) was collected from each carcass for 
meat quality analysis.  
Overall mineral supplementation improved Cu status in cow liver (P < 0.0001), 
and Zn liver status during gestation. However, Zn liver concentration decreased during 
lactation (P <0.0505). Cows from the MPW-INORG treatment had greater amounts of 
Co present in the liver (P = 0.0055) and increased BW (P < 0.0346) and BCS (P < 
xviii 
 
0.0047) compared with cows on the MPW-ORG treatment in July 2013. However, cows 
on the MPW-ORG treatment had improved AI conception rates in 2012 (P < 0.0209), 
and also had increased BW (P < 0.0346) in October 2013, compared to the cows from the 
MPW-INORG treatment. Calves in the MPW-ORG treatment had increased liver Zn 
concentrations in October 2013 (P < 0.0001), and Cu and Co liver concentration in May 
2013 compared with calves on the MPW-INORG treatment. However in October 2013, 
calves from the MPW-INORG treatment had increased levels of Cu and Co in liver 
samples (P < 0.0365 and P < 0.0018 respectively). Calves on the MPW-INORG 
treatment also had increased liver Se values compared with calves on the MPW-ORG 
treatment in October 2013 (P < 0.0001). Overall, calves from the MPW-INORG 
treatment had greater liver Fe concentration (P = 0.0058), and MPW-ORG treatment 
calves had greater liver Mn concentration (P = 0.0199). Furthermore, calves from the 
MPW-ORG treatment had greater 205-d adjusted weaning weights compared to calves 
from the MPW-INORG treatment (P = 0.0167).  
Calves from the MPW-ORG treatment entered the feedlot with greater Zn liver 
concentration (P < 0.0001), but there was no difference between treatments at the end of 
the feeding phase. Calves on the MPW-INORG treatment entered the feedlot with greater 
liver Cu concentration (P < 0.0033), but there were no differences between treatments at 
the end of the feeding phase. Calves from the MPW-INORG treatment had greater 
amounts of Se (P <0.0001) present in the liver when fed a finishing diet. Calves on the 
MPW-INORG treatment had a greater liver concentration of Fe (P = 00265) and Mo (P 
= 0.0084) compared to the MPW-ORG treatment when fed a finishing diet. Carcasses 
from calves from the MPW-INORG/FL-ORG treatment had an increased dressing 
xix 
 
percentage compared with carcasses from calves on the MPW-INORG/FL-INORG 
treatment (P < 0.0031). Calves on the MPW-ORG treatment produced steaks with greater 
amounts (P = 0.0101) of purge loss compared to those from the MPW-INORG treatment. 
Calves from the FL-ORG treatment had heavier carcass weights (P = 0.0383), greater a* 
values (P = 0.0437), and muscle Zn concentration (P = 0.0470) than calves from the FL-
INORG treatment. Calves from the FL-INORG had steaks with a higher percentage of 
extractable fat (P = 0.0323) increased cook yield (P = 0.0103), and improved sensory 
panel tenderness scores (P = 0.0190).  
Collectively these data indicate that source of MPW and FL copper and zinc 
influences cattle performance, carcass characteristics and meat quality, but additional 
research is necessary to determine the mechanisms by which these changes are occurring.   
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CHAPTER 1 
LITERATURE REVIEW 
Introduction 
Beef cattle producers have many different management decisions to take into 
consideration in order to have a profitable system. One of these decisions is whether or 
not to provide their cattle with a supplemental mineral source. Minerals are classified into 
two different categories: macro and micro minerals. Macro minerals are required by the 
animal in large concentration and are usually included as a percentage of the diet. 
Phosphorus, K, S, Mg, Na, and Cl compose the macro minerals. Micro minerals, also 
known as trace minerals, are required in the diet at small concentrations, usually as parts 
per million (Underwood and Suttle, 1999). Copper, Zn, I, Mn, Se, Co, and Fe compose 
the trace minerals and are considered essential for beef cattle due to the fact that they play 
a role in various functions within the body (NRC, 1996). Mineral content in the blood 
and liver are often used to evaluate the mineral status of the animal (Claypool et al., 
1975; Levander, 1986; Mills, 1987). The most common reason to evaluate an animal’s 
trace mineral status is because performance of the animal is below normal (Kincaid, 
1999). However, clinical symptoms, due to mineral deficiency or excess, are not always 
clearly identified by a producer. Even though symptoms may not be present, the animal 
may have a reduction in growth, reproduction, immunity, or feed efficiency (McDowell, 
1989, 1992; Underwood and Suttle, 1999; Larson, 2005; Spears and Weiss, 2008). 
Performance issues occurring in range beef cattle production systems are frequently 
linked to minerals (Paterson and Engle, 2005). Many producers believe their cattle are at 
an adequate mineral status because they are providing the animal a supplemental feed 
2 
 
source that claims to meet trace mineral requirements. However, tabular values and feed 
tags should not be relied on by producers to estimate mineral intake (Kincaid, 1999). 
There are many mineral interactions that occur in the body that can create a deficiency 
(Underwood and Suttle, 1999). Supplementing minerals to beef cattle can positively 
impact reproduction, immune status, disease resistance, and feed intake (Paterson and 
Engle, 2005). In order to know what minerals a producer may need to supplement, an 
understanding of the functions these minerals play and the requirements for beef cattle is 
important.  
 
Mineral Function and Requirements 
The adequate intake and absorption of trace minerals are important in the body 
because they are required for numerous metabolic functions, optimal production, and 
performance. Trace mineral deficiency can result in a reduction in forage intake, 
decreased reproductive efficiency, decreased immune function, limited daily gains and 
feed conversion and compromised enzyme function (Paterson and Engle, 2005). Trace 
minerals are also required for vitamin synthesis, hormone production, enzyme activity, 
collagen formation, tissue synthesis, oxygen transport, energy production, and other 
physiological processes related to growth, reproduction, and health (Paterson and Engle, 
2005). Underwood and Suttle (1999) identified four major functions of trace minerals: 
physiological, catalytic, structural, and regulatory. According to Larson (2005) trace 
mineral’s physiological functions include constituents of body fluids and tissues which 
act as electrolytes to help maintain osmotic pressure, acid base balance, and membrane 
permeability. Catalytic functions refer to the catalytic role of metalloenzymes in enzyme 
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and hormone systems. Trace minerals are structural components of these 
metalloenzymes, which are required for metabolic activities like energy production, 
protein digestion, cell replication, antioxidant activity and wound healing. Enzyme 
function related to protein degradation, accretion, and calf immunity was demonstrated to 
have an effect on animal performance in a Zn depletion-repletion trial conducted by 
Engle et al. (1997).   In this study a decrease in muscle protein degradation was observed 
when Zn was depleted. This study also showed that steers that were deficient in Zn had a 
decrease in fractional protein degradation and protein accretion when compared to 
control steers with an adequate Zn status. As a result, decreases in ending body weight 
(BW), average daily gain (ADG), and gain to feed (G:F) efficiency were observed. 
Further, Engle et al. (1997) implied that when cattle are in a Zn deficient state, cell-
mediated immune responses are decreased making calves more susceptible to infectious 
disease. Trace minerals are also necessary for skeletal and muscle development (Suttle, 
2010), which will be discussed later in this review. Trace minerals play a regulatory 
function in cell replication and differentiation. For example, Zn influences transcription 
and I serves as a constituent of thyroxine, the hormone that is important for thyroid 
function and energy metabolism (Larson, 2005).  
In general, cattle grazing pastures do not reach their mineral requirements from 
forage consumption alone (Underwood, 1981; McDowell, 1992). Typically forages, 
water, and soil ingestion would naturally serve as the primary source of minerals to most 
grazing cattle (McDowell, 1996); however, the quantity of trace minerals ingested from 
these sources may not be a sufficient amount to meet the animal’s requirements unless 
otherwise supplemented (McDowell, 1996). Additionally, not all trace minerals are easily 
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taken up by plants and available to the animal through forage consumption. Several 
factors can affect trace mineral uptake by plants including: soil pH, plant species, stage of 
maturity, yield, pasture management, and climate (Reid and Horvath, 1980; McDowell, 
1985; McDowell et al., 1993). In general, as plants mature the content of Cu, Co, Fe, Se, 
Zn, and Mo tend to decline (Reid and Horvath, 1980). Animals that become deficient in 
certain minerals tend to be from a particular region where the soil characteristics are not 
optimal for trace mineral uptake by plants (McDowell, 1996). Reports have shown that 
cattle on native range grasses, low quality forages, and overgrazed pastures consume 
more trace minerals than cattle on improved pastures (McDowell, 1996). In a study 
utilizing chicks, Van der Aar et al. (1983) reported that dietary fiber may act as a mineral 
trap due to its large negative charge, which binds the positively charged metal cations 
rendering them unobtainable for uptake by the animal.  
McDowell (1996) and Paterson and Engle (2005) suggest there are five factors 
that affect the levels of trace mineral required for cattle. These factors include animal age, 
breed, stage of production (growth, gestation or lactation), stress, and trace mineral 
antagonists. As an animal matures trace mineral requirements tend to decrease (Barrows, 
1977) due to the decrease in production of the animal (McDowell, 1996). Wiener et al. 
(1978), Gooneratne et al. (1994), Littledike et al. (1995), Ward et al. (1995), Du et al. 
(1996), and Mullis et al. (1996) have shown that different breeds of cattle and sheep have 
different requirements for certain trace minerals. However, the cause for different 
requirements between the breeds has yet to be determined. Furthermore, Schultz et al. 
(1971), Blecha et al. (1984), and Engle et al. (1999) concluded that different breeds of 
cattle respond differently to the same immune challenges. This may be due to the 
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differences in requirements of trace minerals and how trace minerals are metabolized 
between the breeds of cattle (Beisel, 1982; Suttle and Jones, 1989).  A broad 
understanding of the function of minerals allows for further investigation into the effects 
that specific minerals or varying sources of minerals (organic vs. inorganic) have on 
cattle performance. 
 
The Influence of Mineral Nutrition Post-weaning  
Stress is related to the occurrence of disease (Paterson and Engle, 2005) and is 
defined as the nonspecific response of the body to any demand made upon it (Selye, 
1973). Stressors that have been identified in animal production include: infection, 
environmental factors, parturition, lactation, weaning, transport, and handling (Paterson 
and Engle, 2005). The adequate intake and absorption of trace minerals is crucial because 
the essential trace minerals play a role in mechanisms associated with immune responses 
that are associated with pathogenic challenges, reproduction, and growth (Larson, 2005). 
It is believed that there is a greater mineral requirement for immune response and disease 
response than what is required for growth (McDowell, 1996). Fletcher et al. (1988) 
identified the following trace minerals as important for normal immune function and 
disease resistance: Zn, Fe, Cu, Mn, and Se. If one or more of these trace minerals is 
deficient in the animal’s diet, the immune status of the animal could be compromised 
(Suttle and Jones, 1989; Spears, 1991). The NRC requirements for minerals are often 
based on expected growth performance and formulated to provide a level sufficient to 
prevent clinical signs of a deficiency.  
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Stress can increase production of free radicals (Ganaie et al., 2013). Genther and 
Hansen (2014b) suggest that antioxidant enzyme activity is very important to prevent 
oxidative damage to lipids, DNA, or other sensitive biological substrates. Orr et al. 
(1990) observed an increase in urinary Cu and Zn excretion in cattle inoculated with 
infectious bovine rhinotracheitis virus (IBRV), and Nockles et al. (1993) reported a 
decrease in Cu and Zn retention in steers that were injected with adrenocorticotropic 
hormone (ACTH; a stressor), when they were also restricted from feed and water. These 
studies provide insight into the consequences of stress on the body specifically related to 
Cu and Zn status.  
Shipping is a particularly stressful time for cattle. Supplementation of trace 
minerals has been shown to increase performance and immune function in feedlot cattle 
being transported (Cole and Hutcheson, 1990). In a study conducted by Genther and 
Hansen (2014b), feedlot calves that were not supplemented with trace minerals tended to 
lose more BW and had a decrease in dry matter intake (DMI) compared to calves that 
were supplemented during the shipping period. In this same study, cattle that had greater 
Cu and Se liver concentrations had a smaller depression in ADG compared to the non-
supplemented calves during the shipping period. These results imply steers that are 
supplemented with trace minerals recover from shipping stress better than cattle not 
supplemented. Not only is trace mineral nutrition important during the cow-calf phase, 
transition to the feedlot phase, and during the feedlot phase, trace mineral nutrition is also 
important to carcass performance and meat quality. 
Deficiencies in trace minerals can lead to poor growth performance and decrease 
carcass quality (Ward and Spears, 1997; Spears and Kegley, 2002). Genther and Hansen 
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(2014b) reported feedlot calves supplemented with trace minerals had improved marbling 
scores compared to non-supplemented cattle. Spears and Kegley (2002) reported steers 
supplemented with additional Zn had a tendency to have improved dressing percentage, 
yield grade (YG), and increased back-fat thickness, as well as improved marbling score 
and quality grade. Furthermore, steers that were supplemented with chelated Zn had 
heavier hot carcass weights (HCW), an improved dressing percentage, and larger 
longissimus muscle area (LMA) compared to Zn oxide (ZnO) supplemented steers. Thus, 
it may be beneficial for producers to feed organic minerals in order to add value to 
carcasses. 
 
Specific roles of Zinc and Copper in Beef Cattle Nutrition 
Zinc 
Zinc is an essential component of multiple enzymes including enzymes involved 
in the synthesis of DNA and RNA (Spears and Weiss, 2008). It is widely distributed 
throughout the body; however, animals do not have the ability to store Zn to make it 
readily available when in a deficient state (Paterson and Engle, 2005). Some signs of Zn 
deficiency include loss of appetite, a bowing of the hind legs, submucosa hemorrhages, 
unthrifty appearance, rough hair coats, dry scaly skin, and stiffness in the joints with 
swelling of the feet and fetlocks (McDowell, 1992; Paterson and Engle, 2005). Engle et 
al. (1997) also reported that one of the first indicators of Zn deficiency is depressed gain 
and feed conversion before there is change in blood or liver levels. Gershwin et al. (1985) 
and Droke and Spears (1993) both reported that Zn deficiency can have an important 
impact on immunity.  
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Zinc plays a role in molecular and membrane stability. One of the first lines of 
defense the body has against an immunological attack is the skin. Zinc is important 
because it plays a role in maintaining structural integrity of tissues, such as epithelial 
tissue (Larson, 2005; Andrieu, 2008). Epithelial tissue composes the lining of the 
respiratory tract, lungs, gastro-intestinal tract, and reproductive tract. Besides maintaining 
epithelial tissue, Zn is essential in the uptake transport mechanism and utilization of 
vitamin A and E (Larson, 2005). Zinc functions in the immune system through energy 
production, protein synthesis, stabilization of membranes against bacterial endotoxins, 
antioxidant enzyme production, and maintenance of lymphocyte replication and antibody 
production (Nockels, 1994; Kidd, 1996). Haase et al. (2006) discussed how Zn is 
involved in the proliferation, differentiation, and apoptosis of T helper cells due to the 
large rate of turnover of these cells in the immune system of the elderly.  Zinc is also 
important in gene expression, mitosis, and apoptosis of lymphoid cells (Kincaid, 1999). 
DNA polymerase, the major enzyme regulating DNA replication, is also Zn dependent 
(Shanker and Prasad, 1998). Zinc deficiency and Zn chelators inhibit DNA polymerase 
but the enzyme is enhanced by addition of low concentrations of Zn in vitro 
(Kirchgessner et al., 1976). Powell (2000), Klotz et al. (2003), and Saker (2006) showed 
how Zn has antioxidant activity in vitro, and in vivo is associated with the binding and 
stabilization of protein thiols. It is involved in the cystolic defense against oxidative stress 
caused by reactive oxygen species (ROS) produced and released by activated 
macrophages. Chirase et al. (1991) reported that stressed cattle subjected to IBRV had an 
enhanced recovery rate when supplemented with Zn. Wang et al. (2013) reported cattle 
who were injected with foot and mouth disease vaccine and supplemented with a Zn- 
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bound to an amino acid supplement or Zn proteinated chelates had an increase in 
antibody titers compared to cows vaccinated and supplemented with Zn sulfate (ZnSO4) 
or not supplemented with Zn. Zinc methionine has also been shown to increase antibody 
titers against bovine herpesvirus-1 (Spears et al., 1991). 
Spain et al. (1993) showed dairy cows supplemented with Zn had a decrease in 
infections of the mammary gland during lactation. Other studies have shown an 
association with cattle that have decreased fertility, abnormal, estrus, abortion, and 
altered myometrial contractibility with prolonged labor when they were deficient in Zn 
(Duffy et al., 1977; Maas, 1987). Hansard et al. (1968) indicated that as the fetus grows, 
Zn concentrations increase in bovine conception products (placenta, placental fluids, and 
fetus) in cattle. Vierboom et al. (2002) reported that pregnant cows and ewes absorbed 
and retained greater amounts of Zn than non-pregnant cows and sheep. A study 
conducted using rats showed that during pregnancy Zn increased in overall maternal body 
stores and these stores then decreased during lactation (Williams et al., 1977).   
Engle et al. (1997) demonstrated that Zn plays a critical role in proteolytic 
enzyme systems associated with muscle protein turnover. Muscle protein accretion 
decreased when animals were not supplemented with Zn, and once supplement was 
provided again, muscle protein accretion returned to normal levels within 14 d. The 
supplementation of Zn (along with Cu, Mn, and Co) has also been shown to increase 
adjusted weaning weights in calves (Spears and Kegley, 1991; Stanton et al., 1999). 
Furthermore, Spears and Kegley (2002) reported that steers supplemented with additional 
Zn had an increase in ADG compared to steers receiving no additional Zn 
supplementation during the growing phase.  
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Copper 
Copper’s necessity in cattle diets was first established in the 1930’s (Patterson and 
Engle, 2005). Copper has been shown to be an important cofactor for several Cu-
dependent enzymes (Sharma et al., 2008) and can influence circulating concentrations of 
thyroid hormones (Sharma et al., 2005), which may indicate links with energy 
metabolism (Overton et al., 2014). A deficiency in Cu is generally caused by intake of 
forages that contain high amounts of Cu antagonists such as large concentrations of Zn, 
Fe, and Mo (Spears, 2000). Low Cu status has resulted in decreased humoral and cell-
mediated immunity (Jones and Suttle, 1981a and 1981b; Xin et al., 1991; Gengelback et 
al., 1997). Other symptoms caused by Cu deficiency in heifers and cows are delayed or 
suppressed estrus, decreased conception, infertility and embryo death (Phillippo et at., 
1987; Corah and Ives, 1991).  
Paterson and Engle (2005) discussed that even though Cu has been shown to be 
crucially important, in excess this mineral can be toxic and poison the animal. This is 
usually due to improperly formulated supplements or diets. Signs of Cu toxicity include 
nausea, excess salivation, abdominal pain, convulsions, paralysis, and death. Nockels et 
al. (1993) reported that Cu retention can be affected by stress. Research has shown the 
physiological status of the animal can have an effect on Cu status in the liver. Xin et al. 
(1993) demonstrated that pregnant cows in the 8 wk non-lactating period that were being 
fed 5.5 ppm Cu had Cu liver values that decreased until parturition, but cows that were 
supplemented with 10 ppm Cu showed no decrease in liver Cu status. Liver Cu levels in 
newborn ruminants are usually higher concentrations (> 200 mg of Cu/kg liver DM) 
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(Hidiroglou and Williams, 1982; Branum et al., 1998) but are subject to maternal Cu 
status (Kincaid, 1999). Gooneratne and Christensen (1989) reported fetuses from 
pregnant cows with liver Cu concentrations > 25mg of Cu/kg of liver DM had improved 
liver Cu concentration compared to fetuses from cows that had liver Cu concentrations < 
25mg of Cu/kg of liver DM. Williams et al. (1977) reported that Cu increased during 
pregnancy then decreased during lactation in rats (Williams et al., 1977).  Abdelrahman 
and Kincaid (1993) reported fetal tissue had Cu levels lower than normal when dams 
were deficient in Cu, and that this could result in decreased growth and development. 
Low Cu levels in newborn calves can increase scours, abdominal ulcers shortly after 
birth, and respiratory problems (Smart et al., 1986; Naylor et al., 1989).  
Cu also plays a role in the development and maintenance of the immune system 
(Wintergerst et al., 2007). Its role includes neutrophil production and activity, antioxidant 
enzyme production, development of antibodies, and lymphocyte replication (Niederman 
et al., 1994; Nockels, 1994). Wintergerst et al. (2007) reported that Cu status alters the 
function of neutrophils, monocytes, and T cells; and Smith et al. (2008) reported how Cu 
status can alter antibody production. Copper status can affect oxidant-antioxidant balance 
in dairy cows because of its role in superoxide dismutase (SOD) and ceruloplasmin 
(Halliwell and Gutteridge, 1999; Underwood and Suttle, 1999). Superoxide dismutase 
works with catalase and glutathione peroxidase (GSPX) in the cystosolic antioxidant 
defense against ROS and is essential in the dismutation of superoxide anion to oxygen 
and H2O2 in the cytosol, and diminishes damage to lipids, proteins, and DNA (Linder et 
al., 1996; Pan et al., 2000; Klotz et al., 2003). Ceruloplasmin is an acute stage protein that 
increases during disease and could be vital in scavenging superoxide radicals (Broadley 
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and Hoover, 1989). Stable et al. (1993) reported that Cu re-pleated cattle that were 
subject to viral and bacterial challenges showed an increase in serum ceruloplasmin and 
plasma Cu. This is an indication that Cu plays a protective role against infectious 
diseases. Jones & Suttle (1981a) reported on Cu-depleted calves who were supplemented 
with Cu had an increase in neutrophils that killed ingested Candida albicans. Boyne & 
Arthur (1981) complimented this work with a study where they showed calves who were 
severely deficient in Cu had weakened ability to kill C. albicans compared to calves 
acquiring sufficient Cu. In research performed by Gengelbach et al. (1997), calves born 
from cows fed a deficient Cu diet, or fed a diet with supplemental Mo at 2.5mg Mo/kg 
tended to have an impaired ability to kill S. aureus.  This study is in agreement with 
research performed by Torre et al. (1996) where Cu deficient dairy heifers had a 
reduction of S. aureus killing neutrophils. Wright et al. (2000) reported an association 
between a reduction in the response of peripheral blood lymphocytes to stimulation with 
T-cell mitogens following weaning and an IBRV challenge to low Cu status in cattle. 
Gengelbach and Spears (1997) reported that Cu deficient calves tended to have depressed 
antibody production compared to Cu supplemented calves after primarily injected with 
porcine erythrocytes. On the second injection of porcine erythrocytes, Cu deficient calves 
still tended to have a depression in immune response when supplemented with Mo. Ward 
and Spears (1999) reported that the addition of supplemental Cu to a Cu deficient diet 
increased antibody response when growing steers were subjected to an ovalbumin 
challenge. Later in this study the steers were injected with porcine erythrocytes and 
humoral response was affected by a Cu × stress interaction. When calves were Cu 
supplemented and stressed, there was an increase in antibody production, but a decrease 
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was reported when calves were not stressed. Woolliams et al. (1986) reported that lambs 
naturally Cu deficient from grazing improved pasture (due to the high amounts of Mo) 
had an increase in susceptibility to bacterial infections and greater mortality.    
Another known function of Cu is its role in synthesis of collagen and elastin fibers 
that provide structure for connective tissue and blood vessels (Larson, 2005). Lysyl 
oxidase is a Cu-dependent enzyme involved in the formation of cross-linkages in 
collagen and elastin that provides structure to tissues (Gallop et al., 1972). Lilley et al. 
(1985) reported an association between increased occurrence of abdominal ulcers in beef 
calves and deficient liver Cu status. This could be a result of compromised collagen 
synthesis.  
Clearly previous literature has demonstrated the importance of Zn and Cu to the 
development, growth, health and performance of beef cattle. However, before a producer 
chooses to supplement Cu and Zn, it is important to understand interactions that can 
impact the absorption of these two minerals by the body. 
 
Interactions for Cu and Zn 
Trace mineral deficiencies can often occur with excessive intakes of dietary 
antagonists like Fe, Mo, and S (Spears, 1996). Intake of these antagonists forms insoluble 
complexes that cannot be absorbed by the rumen (Spears, 2003). Intake of Zn, Fe, Mo, 
and S can affect Cu utilization (McDowell, 1992). The primary interaction found to affect 
Cu absorption is from Mo and S (Suttle et al., 1984; McDowell, 1985; Suttle, 1991). 
Molybdenum combines with sulfide, the reduced form of S, and forms thiomolybdates 
that bind Cu and prevent absorption (Kincaid, 1999). Iron has also been shown to have an 
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effect on the absorption of Zn and Cu (Bremmer et al., 1987; Gengelbach et al., 1994). 
One interaction that is often over looked is the interaction between Cu and Zn 
themselves. This interaction was investigated by Wellington (1998) who showed the 
negative effect of Zn on Cu. When there is large intake of dietary Zn, Cu concentrations 
in plasma and liver of cattle and sheep are reduced (Ott et al., 1966a; Kincaid et al., 1976; 
Kellogg et al., 1989). Cattle in the finishing phase at the feedlot are generally consuming 
a diet that is high in protein content. Snedeker and Greger (1983) reported that high 
protein diets significantly increase apparent Zn retention. This in turn could cause a 
problem with Cu absorption, resulting in the need to supplement additional Cu during the 
feedlot finishing period.  
 
Influence of Mineral Source on Beef Cattle Performance 
Inorganic Minerals 
When animals are provided adequate protein and energy, weight gain increases 
rapidly resulting in an increase in mineral requirements (McDowell, 1996). The most 
efficient way to supplement cattle with mineral is combining the mineral supplement with 
concentrates. In general some minerals in a supplement are not very palatable to the 
animal. The addition of salt and/or concentrates improves the palatability of the mineral 
leading to an increase in uptake by the animal. The most common form of mineral 
supplementation is the use of minerals in their inorganic form such as a sulfate or oxide. 
These forms of minerals are typically what are found in nature. Throughout this review 
the use of organic minerals is often compared to minerals in their sulfate or oxide form 
acting as a control.  
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Although supplementing inorganic trace minerals may provide many benefits, this 
method of delivery may not be sufficient to meet the animal’s needs. Even though the 
cattle ingest the supplemental minerals, the body may not absorb them resulting in 
ineffective supplementation. Delivery of minerals to the animal in an organic form is an 
alternative method used to improve absorption of trace minerals by the body.    
Organic Minerals  
There are four different forms of organic minerals that are used in the cattle 
industry, metal amino acid complexes, metal amino chelates, metal proteinates, and metal 
polysaccharide complexes. The definitions for each of the four organic mineral forms 
according to Association of American Feed Control Officials are as follows: (1) metal 
amino acid complex- the product resulting from complexing a soluble metal salt with an 
amino acid, (2) metal amino acid chelate- the product resulting from the reaction of a 
metal ion from a soluble metal salt with amino acids with a mole ratio of one mole of 
metal to three moles of amino acids to form coordinate covalent bonds, (3) metal 
proteinate- the product resulting from the chelation of a soluble salt with amino acids 
and/or partially hydrolyzed protein, and (4) metal polysaccharide complex- the product 
resulting from complexing of a soluble salt with a polysaccharide solution (Spears, 1996). 
Trace minerals have customarily been supplemented to cattle as inorganic salts generally 
as their sulfate or oxide forms. In recent years the use of chelated (organic) minerals in 
ruminant diets has increased because data supports the hypothesis that organic or chelated 
minerals should be more soluble and readily available to the body for absorption. The 
increased absorption of organic minerals compared to their inorganic forms in the 
gastrointestinal tract of chicks (Pimentel et al., 1991) lambs, and calves (Spears, 1989; 
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Suttle, 1991) has been shown. Pimentel et al., (1991) reported that chicks fed Zn 
methionine had greater amounts of Zn in the organs evaluated. Spears (1989) reported 
that lambs fed Zn methionine retained greater amounts of Zn than lambs fed Zn oxide.  
Solubility of trace minerals is a factor that can alter the amount available to the 
rumen microbes, as only soluble minerals are available to the microbes (Genther and 
Hansen, 2014a). Insoluble complexes that form in the digestive tract, such as when one 
mineral binds to another, prevent absorption by the body. These complexes, such as the 
effect Fe, Mo, and S have on Cu, (Spears, 1996) were detailed earlier in this review. If a 
chelated mineral is stable in the digestive tract, the mineral is protected from forming 
complexes; therefore, increasing solubility and absorption by the body. This is assuming 
the organic form can be absorbed as is, or changed to a chemical form to be absorbed 
(Spears, 1996). Spears (2003) reported that organic Zn sources are usually more soluble 
in the rumen than inorganic sources. In a study by Spears and Kegley (2002), steers that 
were fed proteinated Zn had a greater ruminal soluble Zn concentration during the 
growing and finishing phases compared to the ZnO supplemented steers. In a review, 
Spears (1991) concluded certain trace minerals chelated or in their organic form fed to 
ruminant animals improved growth performance, carcass quality, and immune responses 
in comparison to ruminants fed trace minerals in their inorganic form.  
When one of the antagonists (Zn, Mo, S, Fe) of Cu (McDowell, 1992), are present 
in the animal’s diet, it has been shown that supplementing Cu in its organic form will 
help avoid the antagonist; therefore, allowing it to be absorbed and benefit the animal 
(Stanton et al., 2000). Kincaid et al. (1986) performed an 84 d study feeding calves (>12 
wk age initially) comparing supplementation of Cu proteinate and Cu sulfate (CuSO4) 
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form when consuming a diet naturally high in molybdenum. The diet the calves received 
contained 2.8 ppm of Cu and 3.1 ppm of molybdenum. At the end of the study, calves 
that were supplemented with 26 mg of Cu proteinate had greater Cu concentration levels 
in blood plasma and liver compared to the calves supplemented with the sulfate form at a 
similar level. Cu sulfate did not improve plasma and liver Cu concentration above levels 
observed in the non-supplemented calves. However, the control calves in this study that 
were not supplemented, were not Cu deficient based on their plasma and liver Cu 
concentration. These results suggest that Cu proteinate absorption was less affected by 
the high levels of molybdenum present in the diet. Research has shown that Zn and Cu 
complexed with proteins or amino acids tend to hold an advantage over those minerals in 
an inorganic form when fed to stressed cattle (McDowell, 1996). Ward et al. (1992) 
proposed, that when Zn, Mn, Cu, and Co are bound to amino acids, it improves DMI and 
growth of steers during the feedlot receiving period (a high stress time period) when 
compared to steers fed the minerals in oxide or sulfate forms. Nockels et al. (1993) 
reported there were no differences observed for weight gain or feed efficiency when 
supplementing steers with Cu proteinate or CuSO4. However, steers supplemented with 
Cu proteinate showed an increase in antibody titers following vaccination against IBRV. 
However, in a report by Spears and Kegley (2002) there were no differences on serum 
antibody levels after an IBRV injection between inorganic and organic Zn 
supplementation.  
In the study by Spears and Kegley (2002), Zn proteinate supplemented steers 
tended to have increased ADG and improved G:F compared to ZnO fed steers during the 
finishing phase. In a study conducted by Stanton et al. (2000), three mineral treatments 
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(low level inorganic, high level inorganic, and high organic) were used, and cow-calf 
performance, reproduction performance, and immune function were evaluated. Cows that 
received high levels of organic mineral had less weight change at parturition and 
increased calf weaning weights when compared to cattle receiving the high level 
inorganic treatment.  Cow in the high level organic treatment also showed improved 
percentage of AI conception and increased calf ADG at weaning when compared to both 
inorganic treatments (Stanton et al. 2000). However in this study, there were no 
differences between high organic and low inorganic supplementation for cow weight or 
body condition score throughout the trial or calf weaning weight. There were also no 
differences observed for cow weight at parturition or weaning, AI conception rates, or 
calf ADG between the inorganic treatments (Stanton et al. 2000).  
Results of supplementing complexed trace minerals to first calf beef heifers 
included earlier pregnancy confirmation (10 d earlier; Swenson et al., 1996), a 17 to 35% 
improvement in AI conception rates (Spears and Kegley, 1991; Stanton et al., 2000), and 
an increase in the number of ova ovulated per heifer (Ansotegui et al., 1999) when 
compared to those fed an iso-sulfate form.  
The effect of organic minerals on cow calf performance has been investigated in a 
number of studies; however, some of the results are conflicting.  
 The three wks pre and post parturition period has been reported as a very 
stressful time for dairy cows (Drackley, 1999). During this transition period, the immune 
system is depressed and cows susceptibility to disease increases (Mallard et al., 1998; 
Andrieu, 2008). Many functions of the immune system are compromised during this 
period including neutrophil function, lymphocyte responsiveness to mitogen stimulation, 
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antibody responses, and cytokine production (Mallard et al., 1998; Kehrli et al., 2006). 
Neutrophil function being compromised after parturition has been linked to the incidence 
of mastitis, metritis, and retained placentas in dairy cows (Kehrli et al., 1989; Cai et al., 
1994; Kimura et al., 2002; Mehrzad et al., 2002). The oxidative stress that occurs in 
transition cows may be a cause in the increased susceptibility to disease (Miller et al., 
1993). Metabolism demands related with late gestation, parturition and the onset of 
lactation may cause an increase in the production of reactive oxygen species (ROS) 
(Sordillo, 2005). Oxidative stress occurs when the production of ROS surpasses the 
antioxidant defense present in the animal’s body (Spears and Weiss, 2008).  
Muehlenbein et al. (2001) compared supplementing first calf cows with inorganic 
and organic Cu over a two-year period. Cows were either supplemented with organic 
(110-150 mg/d Cu), inorganic (210-300 mg/d Cu) or a non-supplemented control (50-60 
mg/d Cu). Muehlenbein et al. (2001) investigated passive immunity transfer by first 
analyzing IgG titer concentration in colostrum and secondly analyzing the IgG titer 
concentration in newborn calf blood serum. In the first year researches observed greater 
amounts of IgG titers in colostrum for the inorganic treatment compared to the control 
treatment, but no differences observed when comparing the organic treatment to both the 
inorganic and the control treatment. In the same year, the only difference for calf serum 
IgG titers was observed between the organic and the control treatments. Calves from the 
organic treatment had a greater concentration of IgG titers present in the blood serum 
than the calves from the control treatment. There were no differences observed for 
colostrum titers in the second year and similar results were observed for calf serum titers 
as in the previous year.  Researchers also analyzed reproductive performance and 
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reported that in the first year there was a greater percentage of pregnant cows in the 
control group when compared to the inorganic treatment, but no difference when 
compared to the organic group. There were no differences observed for percent pregnant 
cows between the inorganic and organic treatments. However in the second year, a 
greater percentage of cows in the organic treatment were pregnant in the first 30 d 
compared with the control treatment. There was no difference between organic and 
inorganic or inorganic and control in year 2. It is believed that the reason for the 
differences in reproductive performance is due to differences in Cu status of the herd at 
the beginning of the trial. Furthermore, the differences may be a result of mineral content 
of the forage. The cows used in this trial did not graze the same pastures for both years. 
However, this hypothesis cannot be validated due to pasture forage analysis not being 
performed.  
Another study performed by Olson et al. (1999) investigated the supplementation 
of inorganic and organic Cu, Co, Mn, and Zn on cow-calf performance. The treatments 
for this study were control (no mineral supplementation), organic, or inorganic trace 
mineral supplementation. The intake (mg/d) of organic and inorganic trace mineral were 
equal. Over the two year period Olson et al., (1999) observed that supplementation with 
trace minerals, whether it be organic or inorganic, resulted in more non-pregnant cows 
over a 70 d breeding period compared to the control. There were no differences in pre-
breeding body weight or body condition score. However, it was stated that these cows 
showed less estrual and breeding activity while not indicating embryotic loss.  A 
difference in liver Cu status was observed in this project. Before calving and at the 
beginning of the trial, control cattle had greater liver Cu concentration; however, at the 
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end of trace mineral supplementation period, inorganic and organic supplemented cattle 
had greater liver Cu than the controls.  
Ahola et al., (2004) investigated the effects of supplementing organic or inorganic 
Cu, Zn, and Mn to grazing beef cattle over a two-year period. For this study, there were 
three treatments, control (no supplemental Cu, Zn, or Mn), inorganic (supplemented with 
100% inorganic Cu, Zn, and Mn), and organic (50% organic and 50% inorganic Cu, Zn, 
and Mn). There were no differences between these treatments for initial cow BW, BCS, 
and liver trace mineral concentration for the investigated minerals. During mineral 
supplementation, liver Cu status for the supplemented in both organic and inorganic 
cattle was greater than the control cattle. Organic supplemented cows had greater liver Cu 
concentration than the inorganic treatment cows 110 d post calving in year one. In year 
two, inorganic and organic supplemented cows has greater liver Cu concentration 
compared to the control 81 d prior to supplementation and this difference continued to 
135 d post calving. There were no differences observed between organic and inorganic 
supplemented cattle for Cu liver status in year two. Zinc liver status only differed in year 
one when comparing inorganic and organic supplemented cattle to the non-supplemented 
control cattle. No other differences for Zn liver status were observed. There were 
differences observed for cow reproductive performance. In year 1, cows from the organic 
group tended to have a greater percentage of cows bred AI compared to the inorganic 
calves. However there was no difference between inorganic and organic AI pregnancy 
rates in year two. In year 2 cows from both the inorganic and organic supplemented 
group had a greater percent bred AI when compared to the control non-supplemented 
cattle. When analyzing calf performance, Ahola et al. (2004) found that calves from the 
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control non-supplemented treatment were heavier at weaning than organic and inorganic 
supplemented calves for both year one and two. Additionally, organic calves weighed 
more at weaning than inorganic calves during year one but there was no difference in 
year two. When Ahola et al., (2004) analyzed kg of calf weaned/cow exposed, they found 
that non-supplemented cows weaned more kg of calf than organic and inorganic 
supplemented cows. Additionally, the inorganic treatment weaned more kg of calf/cow 
exposed than the organic treatment in year one, but not in year two. In year two the 
organic treatment cows tended to weaned more kg of calf/cow exposed, than the 
inorganic treatment. . It is not clear why the control non-supplemented calves had greater 
weaning weights than the inorganic and organic supplemented calves, or why cows from 
the non-supplemented control weaned more kg of calf per cow exposed.  
Conclusion 
As discussed in this review of the literature, previous research has been conducted 
examining the source (organic vs. inorganic) of Zn and Cu supplemented in either 
cow/calf or feedlot situations. However, no research to date has tracked the influence of 
organic vs. inorganic Zn and Cu in cattle from conception to consumption. It is clear that 
Cu and Zn play vital roles in many different mechanisms of the body. These minerals 
have roles as cofactors, in metabolic functions, growth, reproduction, immunity, and 
development of carcass tissues and providing them in a more available form may enhance 
these traits. Therefore the objectives of the remainder of this thesis were to determine the 
effects of maternal Cu and Zn source on calf health, and the effects of pre- and post-
weaning Cu and Zn source on feedlot performance and meat quality. Our hypothesis was 
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that providing organic Cu and Zn during gestation, lactation and the feeding phase would 
improve calf health, growth performance and beef quality.  
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CHAPTER 2 
The effect of maternal source of copper and zinc on pre-weaning performance of cows 
and health and performance of suckling calves 
J. O. Fulton 
Department of Animal Science 
South Dakota State University, Brookings, SD 57007 
 
INTRODUCTION 
During gestation a greater amount of nutrient intake is required by the cow in 
order to meet the requirements of a maturing fetus. Previous research has shown that if 
these requirements are not met, changes in fetal development can occur (Wigmore and 
Stickland, 1983; Dwyer et al., 1994; Zhu et al., 2006; Larson et al., 2009; Du et al., 2010; 
Underwood et al., 2010). It is believed that limitations in fetal nutrition can cause 
alterations in the development of the fetus and could program the fetus for life in the 
environment it will encounter at birth. These results have led to the hypothesis that fetal 
development can be ‘programmed’ in order to improve the performance of the live 
animal once it is born.  Evidence of this phenomenon is demonstrated quite clearly across 
several species using the nutrient restriction model.  Restricted nutrition during gestation 
has resulted in increased adipose tissue deposition (Wigmore and Stickland, 1983; Zhu et 
al., 2006; Du et al., 2010) and decreased muscle development (Dwyer et al., 1994; Zhu et 
al., 2006; Du et al., 2010) leading to alterations in carcass composition (Larson et al., 
2009; Underwood et al., 2010).  In addition, research has demonstrated that maternal 
under nutrition during gestation results in health challenges in the calf.  Corah et al 
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(1975) reported nutrient restricted cows produced lighter calves at birth with an increase 
in morbidity and mortality rates, but did not hypothesize why this may have occurred. 
Others have demonstrated that protein supplementation during gestation reduces the 
proportion of offspring treated in the feedlot (Mulliniks et al., 2008; Larson et al., 2009).  
However, there is limited understanding of the mechanisms by which programming in 
utero influences offspring health, tissue development, and final body and carcass 
composition.  The vast majority of the research to date investigating the impact of 
maternal nutrition on fetal development and programming has focused on global nutrition 
through either protein or energy supplementation or restriction, and there is limited work 
focused on specific nutrients such as minerals. Further, the impact of mineral source 
during gestation on cow reproductive performance and calf health and performance is 
unclear. 
The essentiality of certain macro and trace minerals has been well established in 
both humans and animals. Macro minerals (P, K, S, Mg, Na, and Cl) are required by the 
animal in large concentration and are usually included as a percentage of the diet. Micro 
minerals (Cu, Zn, I, Mn, Se, Co, and Fe), also known as trace minerals, are required in 
the diet at small concentrations, usually as parts per million (Underwood and Suttle, 
1999). Copper and Zn are among the most commonly deficient trace minerals in grazing 
cattle diets (Paterson and Engle, 2005). Both elements are generally found at 
concentrations below the animal’s requirements, and Cu is subject to very potent 
antagonisms from S, Mo, and Fe, further reducing the amount available to the animal.  
 Copper is present in and essential for numerous enzymes, cofactors, and reactive 
proteins (Suttle, 2010). Some critical biological functions that depend on Cu are immune 
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function, oxidant protection, and connective tissue formation. Each of these systems 
relies on Cu metalloenzymes. Zinc is also highly ubiquitous in physiological systems. It 
is a known component or cofactor of numerous Zn metalloproteins, and is required for 
the structural and functional integrity of over 2000 transcription factors, and is a 
component of zinc-finger binding domains in DNA-binding proteins (Suttle, 2010). Suttle 
(2010) identified 4 primary functions of Zn that might affect livestock production: gene 
expression, appetite control, fat absorption, and antioxidant defense. Of particular interest 
to this study is the role Zn plays in DNA synthesis, nucleic acid metabolism, and protein 
metabolism as it might relate to fetal growth and development (Hurley, 1981; Chesters, 
1992; Cousins et al., 2003). Combined with its effect on gene expression, Zn can 
potentially have a profound effect on the immune system due to its role in the immune 
system through energy production, protein synthesis, stabilization of membranes against 
bacterial endotoxins, antioxidant enzyme production, and maintenance of lymphocyte 
replication and antibody production (Nockels, 1994; Kidd, 1996; Haase et al., 2006) 
 The bioavailability of trace mineral sources can be highly variable. Among 
inorganic sources, sulfates and chlorides are generally considered the most available, 
while the oxides are generally less available (Harty, 2016). However, research has shown, 
in multiple species, that organic forms of trace minerals are more available to the animal 
(Spears, 1989; Pimentel et al., 1991; Suttle, 1991). As such, the potential exists for 
enhanced absorption of both Zn and Cu from an organic source and as a result, alterations 
in the key functions of these minerals as described previously.  
 The objectives of this study were to determine if mineral source of Cu and Zn 
affects cow reproductive performance, cow body weight and condition, and calf 
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performance and health. Our hypothesis is that supplementation with an organic mineral 
source of Cu and Zn during gestation and lactation will improve cow performance and 
pre-weaning measures of calf health and performance. 
 MATERIAL AND METHODS 
 
Animals 
 All animal procedures were approved by the SDSU Institutional Animal Care and 
Use Committee before project initiation. Commercial cows primarily of Angus genetics 
(n=287) located at the SDSU Antelope Range and Livestock Research Station were 
randomly assigned to 1 of 2 treatment groups: 1) Maternal/pre-weaning – Inorganic 
(MPW-INORG): cows were supplemented with 15 mg/kg DM Cu and Zn in the form of 
CuSO4 and ZnSO4, 2) Maternal/pre-weaning - Organic (MPW-ORG): cows were 
supplemented with 15 mg/kg DM Cu and Zn in a proteinated form (Bioplex Cu 10% and 
Bioplex Zn 15%, Alltech Inc., Nicholasville, KY). Mineral supplements were formulated 
to meet the NRC requirement for each supplemented mineral, but was formulated to 
provide 50% of the NRC requirement of both Cu and Zn to offset any deficiencies.  All 
other supplemented minerals were provided in their inorganic form. Iron, Mn, and Mo 
were not supplemented to the cows on this trial. Cows began to receive their assigned 
mineral supplement 30 d prior to timed artificial insemination (AI) in the spring of 2012. 
Treatment groups were maintained in separate pastures and received their treatments via 
free choice loose mineral. Mineral intake was monitored weekly and, if necessary, white 
salt was incorporated as an intake modifier to maintain intake at approximately 85.05 
g/hd/d of the mineral supplement. Cows and calves remained on treatment 
supplementation until weaning in October of 2013. At weaning only 245 calves were 
28 
 
weaned and 239 cows remained on the trial due to culls and death loss. Cow body 
condition score (BCS; 1 to 9, 1 = extremely emaciated, 9 = very obese; Pruitt and 
Momont, 1988) and weights were recorded in May 2012, October 2012, December 2012, 
May 2013, and October 2013. Calf weights were collected at birth and weaning.   
 Forage samples were collected prior to each group of cattle entering each pasture 
rotation throughout the duration of the project. For 2012 and 2013 cows were turned out 
to pasture at the beginning of June. Two sources of hay were fed to cows beginning in 
December of 2012 and ending in June of 2013. Prior to formulation of the mineral 
supplements, all feed and forage samples were analyzed for DM, CP, ADF, NDF, and a 
mineral panel.  
Cow Reproductive Performance 
 Thirty d following the initiation of mineral supplementation in year 1, cows from 
both treatment groups were artificially inseminated (AI) randomly to 1 of 2 Angus sires 
using a timed-AI protocol. In year 2, cows were bred to a single Angus bull using a 
timed-AI protocol. In both years, Angus clean-up bulls were turned out 30 d after AI to 
cover any cows that did not breed AI. Clean-up bulls remained with cows for 60 d. 
Pregnancy was determined each year via trans-rectal ultrasound and data were analyzed 
to determine the influence of mineral supplementation on response to AI and total 
pregnancy rate.  
Analysis of Liver Mineral Content 
 Liver samples were collected from a randomly selected subsample of both cows 
and calves to determine change in Cu and Zn liver concentration over the treatment 
period. The cows and calves that were selected for liver biopsy were the same animals 
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biopsied throughout the trial. Liver samples were collected using the True-Cut technique 
described by Pearson and Craig (1980), as modified by Engle and Spears (2000). 
Samples were frozen at -20ºC until analysis. Initially, 88 cows were randomly selected 
from each treatment for liver biopsies. Cows were biopsied a total of four times: 1) May 
2012; immediately prior to initiation of the supplementation period to determine baseline 
mineral status; 2) December 2012; at the time the cows were transitioned to a hay diet in 
year 1, 3) May 2013; when cows were turned out to pasture in year 2, and 4) October 
2013; at weaning in year 2.  Initial liver samples were collected from 45 cows in the 
MPW-INORG group and 43 cows from the MPW-ORG group. Due to culls, death loss, 
and insufficient sample amount, the number of liver samples analyzed for each time 
period differ (range = 35-45 liver samples per treatment per collection period). Liver 
biopsies were collected from a subsample of calves (n = 78) at 2 time points: 1) May 
2013; initial biopsy collected when calves averaged 53 d of age and 2) October 2013; at 
weaning when calves averaged 202 d of age. Analysis of liver mineral content was 
performed by the Michigan State University Diagnostic Center for Population and 
Animal Heath (Lansing, MI). Tissues were dried overnight in a 75 ºC oven and then 
digested overnight in approximately 10x the dry tissue mass of nitric acid.  The digested 
samples were diluted with water to 100x the dried tissue mass. Elemental analysis 
followed the method of Wahlen et al., 2005 using an Agilent 7500ce Inductively Coupled 
Plasma – Mass Spectrometer (ICP/MS; Agilent Technologies Inc, Santa Clara CA 
95051).  Briefly, diluted tissue digests and standards were diluted 20-fold with a solution 
containing 0.5% EDTA and Triton X-100, 1% ammonium hydroxide, 2% propanol and 
20 ppb of scandium, rhodium, indium and bismuth as internal standards.  The ICP/MS 
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was tuned to yield a minimum of 7500 cps sensitivity for 1 ppb yttrium (mass 89), less 
than 1.0% oxide level as determined by the 156/140 mass ratio and less than 2.0% double 
charged ions as determined by the 70/140 mass ratio. Elemental concentrations were 
calibrated using a 4-point linear curve of the analyte-internal standard response ratio.  
The lowest concentration points were 0.1 µg/mL for Fe, Cu, and Zn, 0.5 ng/mL for Mn, 
and 0.1 ng/mL for Mo, Co, and Se. No sample concentrations below these points were 
reported.  Standards were from GFS (GFS Chemicals, Powell OH 46065).  An NIST 
(National Institute of Standards and Technology, Gaithersburg MD 20899) bovine liver 
standard was used a control. 
Cow-Calf Herd Health Management 
 During the experiment, cowherd health was managed according to established 
protocols for the Antelope Research Station. Cows were vaccinated against infectious 
reproductive pathogens prior to breeding with a modified live 
IBRV/BVDV/PI3/Leptospirosis/Campylobacter vaccine. All calves were vaccinated 
against Clostridial organisms in May 2013, and revaccinated against viral respiratory 
pathogens (IBRV, BRSV, PI3, BVDV Types I and II), Mannheimia hemolytica, 
Histophilus somni and Clostridial organisms 3 wks pre-weaning in September 2013 with 
booster vaccinations administered in October 2013. Parasiticide (doramectin, Dectomax®; 
Zoetis, Florham Park, NJ 07932) treatments were given to cows and calves in the summer 
and again in October 2013.   
Passive Immunity Transfer Status 
 Transfer of passive antibodies was assessed by measuring total protein levels in 
sera samples taken from calves at 24-72 h of age obtained by spectrophotometric 
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methods using the VetAce Clinical Chemistry System (Alfa Wasserman Diagnostic 
Technologies, West Caldwell, NJ). A subsample of 25 serum samples taken from calves 
in each treatment group was collected to provide sufficient power to detect a difference of 
0.5 mg/ml between treatment groups. 
Vaccine Titers 
 Antibody titers to IBRV, BRSV and BVDV was ascertained and compared 
between groups, using the inverse log titer for comparison. The methods used for the 
analysis of IBRV and BVDV type I and II can be found in the OIE Terrestrial Manual 
chapter 2.4.13 Pg. 9-10 and chapter 2.4.8. Pg. 14-15 (2010) respectively, and the methods 
used for BRSV can be found in Fulton et al. (1995). A subsample of 80 calves had blood 
collected at initial vaccination and 3 wks later at weaning prior to booster vaccination.  A 
randomly selected subsample of 40 sera samples from calves in each treatment group was 
collected to provide sufficient power to detect a mean difference of 2 logs between 
groups.   
Viral Shedding status 
 Viral shedding of IBRV, BVDV, and BRSV was determined by PCR analysis of 
deep nasal swabs collected in September 2013, 3 wks prior to weaning. Methods used to 
determine viral shedding for IBRV, BVDV type I and II, and BRV can be found in 
Moore et al. (2000), Mahlum et al. (2002), and Boxus et al. (2005). A randomly selected 
subsample of 100 samples from calves in each treatment group was collected to provide 
sufficient power to detect a difference of 20% prevalence of shedding between groups.  
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STATISTICAL ANALYSIS 
 Cow and pasture calf liver mineral status, cow body and calf weaning weights, 
BCS, passive immunity, and vaccine response were all analyzed with repeated measures 
model using the PROC MIXED procedure of SAS (SAS Institute, Cary, NC). Animal 
served as the experimental unit. Mineral treatment, collection date, and their interaction 
were included as fixed effects. Animal ID was used as the random term for all variables. 
The Kenward-Roger option was used to calculate denominator degrees of freedom and 
least square means were calculated. Since pregnancy was classified as AI bred (yes or no) 
and pregnant or not pregnant are binomial distributions, the proportion (number observed 
in the class divided by number in the treatment) of cows in each treatment classification 
were analyzed as binomial distributions in the GLIMMIX procedure of SAS using the 
same model as above except, bull, and cow BW, BCS, and days post-partum were 
included as covariates.  
RESULTS AND DISCUSSION 
 
 Forage nutrient composition, hay and winter cake nutrient composition, and 
mineral supplement composition are shown in Tables 2.1, 2.2, and 2.3, respectively. 
Pasture samples were collected when cows were rotated into that specific pasture. 
Individual pasture sample results were averaged and reported as a single year for each 
treatment. It should be noted that in 2012 the region was experiencing drought 
conditions. The total precipitation for the area this study was conducted was 27.58 cm for 
2012 (January - December), and 43.87 cm for 2013 (January – October) which is the time 
period treatments were allocated. Pasture mineral supplements were similar between 
treatments except for the source of Zn and Cu.  
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 Analyses of mineral concentration from liver biopsies are shown in Figures 2.1 – 
2.8.  There was a collection date effect observed for Zn (P < 0.0001; Figure 2.1); 
however, there was no influence of mineral source on liver concentrations of Zn (P = 
0.2668; Figure 2.1). Liver Zn concentrations differed (P = 0.0505; Figure 2.1) between 
each collection time point except for initial and final (P = 0.1186; Figure 2.1). Zinc 
levels decreased from initial collection in May 2012 to the December 2012 collection (P 
< 0.0001; Figure 2.1). An increase was observed from December 2012 to May 2013 (P 
< 0.0001; Figure 2.1), followed by a decrease in October 2013 (P < 0.0001; Figure 2.1). 
The time points at which Zn levels were observed to be the lowest was when cows would 
have been gestating (May 2012 and May 2013). During this time there would be a large 
draw of Zn required for development of epithelial tissue (i.e., the placenta and fetus). As 
previously, mentioned Larson, (2005) and Andrieu et al. (2008) reported that Zn plays a 
key role in maintaining structural integrity of tissues, such as epithelial tissue of the 
reproductive tract. Hansard et al. (1968) also indicated that as the fetus grows, Zn 
concentrations increase in bovine conception products (placenta, placental fluids, and 
fetus). Cows began calving in March of 2013, which could allow enough time for Zn 
concentration to replete and result in an increase by May 2013. The decrease between 
May of 2013 and October 2013 could again be attributed to the fact that cows had been 
re-bred and placental and fetal growth were utilizing available Zn.   
 There was no influence of treatment on concentration of Cu in the liver (P = 
0.9040; Figure 2.2). However, when cows were supplemented with mineral from either 
treatment, liver concentration of Cu increased (P < 0.0001; Figure 2.2) from the May 
2012 initial liver biopsy until the May 2013 collection where it plateaued and was not 
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different at the October 2013 biopsy (P = 0.9996; Figure 2.2). An increase in liver Cu 
concentration as a result of mineral supplementation has been demonstrated in previous 
research (Ahola et al., 2004; Muehlenbein et al., 2001). Cu concentration may have 
plateaued due to the increased amount of Mo present in the forage in 2013 (Table 2.1). 
Molybdenum is an antagonist of Cu (Suttle, 1991; McDowell, 1985; and Suttle et al., 
1984) and it is possible that the system could not overcome the antagonistic effect.  
 There was a treatment by collection time interaction observed for Se (P = 0.0273; 
Figure 2.3). Cows from the MPW-INORG supplemented group had greater amounts of 
Se present in the liver in October 2013 than the MPW-ORG supplemented group (P = 
0.0136; Figure 2.3). Se liver concentration decreased for cows in the MPW-INORG (P = 
0.0166; Figure 2.3) and the MPW-ORG (P < 0.0001; Figure 2.3) treatments from May 
2012 to December 2012, then increased for the MPW-INORG (P = 0.0004; Figure 2.3) 
and MPW-INORG (P = 0.0033; Figure 2.3) at the May 2013 and October 2013 
collection, respectively. Se liver concentrations only increased for the MPW-ORG at the 
May 2013 collection (P < 0.0001; Figure 2.3). Further, Se liver concentration was 
greater for the MPW-INORG treatment than the MPW-ORG treatment at the final biopsy 
(P = 0.0136; Figure 2.3). The cattle in this study were not supplemented with Se in the 
mineral they were receiving. Therefore, the only Se available was that present in the 
forage. There was a difference in selenium content of the pasture forage being grazed 
between the treatment groups, which explains the differences in liver Se concentration 
between treatments observed at the October 2013 collection. The decrease in liver Se 
from May 2012 to December 2012 could be attributed to the fact that cows were 
gestating. It is believed that a form of selenium plays a role in cell proliferation and early 
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development (Surai 2006). The fact that the cow’s liver selenium concentration decreased 
during gestation could imply that the fetus was drawing selenium from the cow for 
development.  
 There was a difference observed for the main effect of collection date for Co (P < 
0.0001; Figure 2.4). In May 2013 cows had a greater concentration of Co than samples 
collected on any other date (P < 0.0001; Figure 2.4). Liver samples from cows in the 
MPW-INORG group contained greater amounts of Co than samples from cows in the 
MPW-ORG group (P = 0.0055; Figure 2.5). Cobalt was supplemented to both treatments 
in its inorganic form. Previous research in mice has indicated that Co and Fe may share a 
common pathway for absorption (Schade et al. 1970). It is possible that the spike in Co 
concentration in May 2013 may be related to the spike in Fe at the same time point as 
presented later in this discussion (Figure 2.6). It is unknown why Co concentration differs 
between treatments. This study focused on supplementation of inorganic and organic Zn 
and Cu. Little is known about Co in ruminants, but there are no known interactions with 
Cu and Zn that would lead to the differences observed between treatments for Co.  
 There was no influence of treatment on concentration of Fe (P = 0.7178), Mn (P 
= 0.2637), and Mo (P = 0.5512) in the liver. However, a difference in collection date was 
observed for Fe (P = 0.0004), Mn (P < 0.0001), and Mo (P < 0.0001). Iron levels were 
greatest in the liver in May of 2013 when compared to other collection dates (P < 
0.0020; Figure 2.6). There were peaks in Mn liver concentration during early to mid-
lactation (May) for both years (P < 0.0001; Figure 2.7). Finally, Mo concentration in the 
liver decreased in December of 2012 (P = 0.0006; Figure 2.8), increased in the spring of 
2013 (P < 0.0001; Figure 2.8), and fell back to levels in the fall of 2013 (P = 0.0022; 
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Figure 2.8) that were similar to those observed at the beginning of the trial. It is assumed 
that the change in liver concentration of these three minerals may be related to the Fe, 
Mn, and Mo content in the pasture forage. Hay that was fed to both treatment groups 
during winter contained an average of 445.5 ppm Fe (Table 2.2), which would explain 
the increase in Fe liver concentration from December of 2012 to May 2013 and then the 
decrease from May 2013 to October 2013.  
 There was a treatment by collection date interaction observed for cow body 
weights during the study (P < 0.0001; Figure 2.9). Initial cow BW did not differ between 
treatments (P = 0.6940; Figure 2.9). However, BW of cows in July and October of 2013 
did differ between treatments. In July 2013, cows from the MPW-INORG treatment had 
heavier body weights than cows in the MPW-ORG treatment (P = 0.0346; Figure 2.9), 
but at the end of the trial, cows from the MPW-ORG treatment group had heavier body 
weights when compared to cows from the MPW-ORG treatment group (P < 0.0001; 
Figure 2.9).  Body weights of cows increased from May 2012 to October 2012 in the 
MPW-INORG (P = 0.0001 Figure 2.9) and in the MPW-ORG (P = 0.0048; Figure 2.9) 
treatments, which is the time period these particular cows would have been lactating. 
Cow body weights continued to increase from October 2012 to December 2012 in the 
MPW-INORG (P = 0.0003 Figure 2.9) and in the MPW-ORG (P < 0.0001; Figure 2.9) 
treatments. Calves were weaned in October of 2012 when the fall body weight was 
collected. Therefore, cows would no longer have a demand for lactation and coupled with 
the addition of a growing fetus, BW would be expected to increase as indicated by these 
results. Cow body weights then decreased from December 2012 to July 2013 in the 
MPW-INORG (P = 0.0100 Figure 2.9) and in the MPW-ORG (P < 0.0001; Figure 2.9) 
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treatments; however, cows in the MPW-ORG treatment had a greater decrease in BW 
than cows in the MPW-INORG treatment during this time period (P = 0.0346; Figure 
2.9). In this time period these cows were in late gestation and then entered into early 
lactation. Both instances require energy demands on the body that could cause the cows 
BW to decrease as indicated by the results. Finally, there was no change in BW of the 
cows in the MPW-INORG treatment from July 2013 to October 2013 (P = 0.1544; 
Figure 2.9), while the BW of the cows in the MPW-ORG treatment increased creating 
the difference observed between the treatments (P < 0.0001; Figure 2.9). With no 
differences between liver Cu and Zn concentration between the treatments, it is not clear 
why the cows in the MPW-ORG treatment had a decreased BW and followed by an 
increased BW compared to the cows in the MPW-INORG treatment in July and October 
2013. These findings are similar with data from Ahola et al. (2004) who reported an 
effect of time period on cow BW when comparing cows supplemented with inorganic 
(100% inorganic) or organic (50% organic / 50% inorganic) sources of Cu, Zn, and Mn to 
a control (non-supplemented) group, but not observe any differences between treatments. 
Ahola et al. (2004) observed that cow weights decreased following calving, but returned 
to previous levels by mid-summer. This discrepancy between Ahola et al. (2004) and the 
present study is likely due to the fact that cows were not weighed at similar times 
between the two studies. The decrease in BW following calving reported by Ahola et al. 
(2004) is likely associated with the removal of the fetus and associated placental tissue 
following birth. It was stated that cow BW were collected at 56 d intervals, but 
researchers did not indicate where that interval fell pre- and post-parturition. In the 
current study, cows were not weighed until mid-summer following calving. A decrease in 
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BW could have also occurred after calving, but was not recorded, as BW was not 
measured at that time point. Another cause for the contrast between results of Ahola et al. 
(2004) and the current study could be the duration of supplementation prior to calving. 
Ahola et al. (2004) only supplemented cows for 82 d (year 1) and 81 d (year 2) prior to 
the average calving date.  Cows in the current study were supplemented for 283 ± 19 d 
prior to the average calving date allowing for the possibility of greater accumulation of 
Cu and Zn in the body. These greater concentrations may have prevented Cu and Zn 
deficiencies postpartum. Zinc plays a role in maintaining structural integrity of tissues, 
such as the epithelial tissue found in the reproductive tract that is shed from the body at 
parturition (Larson, 2005; Andrieu, 2008). Hansard et al. (1968) indicated that as the 
fetus grows, Zn concentrations increase in bovine conception products (placenta, 
placental fluids, and fetus). The body could become Zn deficient when metabolism 
directs all stored Zn to the reconstruction of tissues damaged from parturition. 
Furthermore, if cows become Zn deficient following parturition it could cause cows to 
lose weight because Zn plays a role in muscle turnover. Engle et al. (1997) demonstrated 
that Zn plays a critical role in proteolytic enzyme systems associated with muscle protein 
turnover. Muscle protein accretion decreased when animals were not supplemented with 
Zn, and once supplement was provided again, muscle protein accretion returned to 
normal levels within 14 d. If the cows are deficient in Zn and the amount of muscle 
turnover is decreased, it would be expected for cows to begin losing weight.  
 A treatment by time interaction was observed for source of mineral and collection 
date of BCS determination (P = 0.0203; Figure 2.10). Cow BCS were similar in May 
and October of 2012, but increased in the MPW-INORG (P < 0.0001 Figure 2.10) and in 
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the MPW-ORG (P = 0.0004; Figure 2.10) treatments in July 2013 with cows in the 
MPW-INORG treatment having a greater (P = 0.0047; Figure 2.10) BCS compared to 
the cows in the MPW-ORG treatment. Body condition score continued to increase from 
July of 2013 to October of 2013 for the MPW-ORG treatment cows (P < 0.0001: Figure 
2.10), but not for the MPW-INORG treatment cows. As previously described in Figure 
2.9, cows in the MPW-INORG treatment group had greater BW (P = 0.0346) than cows 
in the MPW-ORG treatment group which could lead to the differences in BCS between 
treatments observed in July of 2013. In contrast, in the study previously described by 
Ahola et al. (2004) no differences in BCS were observed, which is likely due to similar 
factors contributing to the lack of difference in BW as discussed above. Further, Nayeri et 
al. (2014) reported no change in BCS when dairy cows were assigned to one of the 
following treatment groups 28 ± 15 d prior to calving: 1) 75 mg of supplemental Zn/kg of 
DM, provided entirely as zinc sulfate, 2) 33.3 mg of Zn sulfate/kg of DM in the 
prepartum and 15.5 mg of Zn sulfate/kg of DM in the postpartum diet was replaced by 
Availa-Zn organic form), and 3) 66.6 mg of Zn sulfate/kg of DM in the prepartum and 
40.0 mg of Zn sulfate/kg of DM in the postpartum diet was replaced by Availa-Zn 
(organic form). The lack of difference in BCS observed by Nayeri et al (2014) compared 
to the current study could be due to the fact that the amount of zinc available in all of the 
treatment diets surpassed the NRC (2001) calculated requirement for both pre- and 
postpartum dairy cows. In the current study the fact that cows in the organic treatment 
were consuming a supplement that was only composed partially of Zn in the organic form 
could contribute to the inconsistency in BCS results. Cows may not have been receiving 
as much readily available Zn as the organic treatment provided in the current study. 
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Another factor contributing to inconsistency in BSC results between Nayeri et al (2014) 
and the current study are difference in breed type. Du et al. (1996), Gooneratne et al. 
(1994), Littledike et al. (1995), Mullis et al. (1996), Ward et al. (1995), and Wiener et al. 
(1978) have all reported that different breeds of cattle and sheep have different 
requirements for certain trace minerals. This could possibly be due to differences in 
growth and body size. However, the cause for different requirements between the breeds 
has yet to be determined. Finally, differences in length of supplementation prior to 
calving (28 d versus 283 d) and timing of BCS observation could contribute to 
contrasting results. Time point in which BCS is recorded (Nayeri et al., 2014 reported a 
36 wk average) can cause differences because stage of production (growth, gestation or 
lactation) can affect the trace mineral requirements of cattle (Paterson and Engle, 2005; 
McDowell, 1996).  
 There was an interaction for source of Zn and Cu and year bred for AI pregnancy 
rate. Cows in the MPW-ORG treatment had greater AI conception rates compared to 
cows from the MPW-INORG treatment in 2012 (P < 0.0209; Figure 2.11). However, 
there were no differences observed for overall pregnancy between treatments or years (P 
= 0.4850; Figure 2.12) and (P = 0.7621; Figure 2.12) respectively.  These results agree 
with Stanton et al. (2000) who did detect improvement in AI pregnancy rate when an 
organic mineral source was provided to cows. Researchers provided cows three levels of 
Cu, Zn, Mn, and Co: 1) low level inorganic, 2) high level inorganic, and 3) high level 
organic. Cows were of similar genetic makeup and the study was conducted in a similar 
environment to the present study. These researchers reported that cows provided the high 
level organic treatment had increased AI conception rate. Stanton et al. (2000) 
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determined cows on their study were deficient in liver Cu status (liver Cu concentration 
was less than 20 – 30 ppm, Mills et al. 1987) implying the importance of Cu status to 
reproduction. In contrast, results from the current study are in disagreement with 
Muehlenbein et al. (2001) who compared first-calf cows provided an organic (110-150 
mg/d Cu) or inorganic (210-300 mg/d Cu) source of Cu to a non-supplemented control 
(50-60 mg/d Cu) over a two-year period. In year one, Muehlenbein et al. (2001) reported 
a greater percentage of overall pregnancy in the control group (non-supplemented) when 
compared to the inorganic treatment, but found no difference between control and 
organic supplementation. There were also no differences observed for percent pregnant 
cows between the inorganic and organic treatments in the first year. However in year two, 
cows in the organic treatment had a greater percentage of overall pregnancy within the 
first 30 d compared with the control treatment, however no differences were reported for 
overall pregnancy rate between organic and inorganic supplementation or inorganic and 
control in year two. The study by Muehlenbein et al. (2001) did differ from the present 
study by comparing organic and inorganic Cu and Zn supplementation to a non-
supplemented control group. However, the lack of difference between the organic and 
inorganic treatments for pregnancy rate in both years disagrees with the current study’s 
results that source (MPW-ORG vs. in MPW-ORG) of Zn and Cu does not influence 
pregnancy rate.  
There was not a difference in the transfer of passive immunity from cow to calf as 
determined by total protein levels in sera samples taken from calves at 24-72 h of age 
between treatment (P = 0.7950; Figure 2.13) or gender (P = 0.7580; Figure 2.13) 
respectively. The previously described study by Muehlenbein et al. (2001) reported 
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similar findings. Muehlenbein et al. (2001) analyzed IgG titer concentration in serum 
collected from calves 24 – 36 h after calving. In both year one and two, calves from the 
organic treatment had a greater concentration of IgG titers present in the blood serum 
than the calves from the control treatments, however no differences were detected 
between the inorganic and organic treatments. 
 Liver biopsies were collected from calves in May and October 2013.  Results of 
mineral analysis are shown in Figures 2.14 – 2.21. There was a treatment by collection 
date interaction observed for Zn (P = 0.0139; Figure 2.14). Calves from the MPW-ORG 
treatment had an increase (P < 0.0001; Figure 2.14) in liver Zn concentration from initial 
biopsy to final biopsy while no difference (P = 0.0692; Figure 2.14) detected in calves 
from the MPW-INORG treatment between these time points. Furthermore, calves in the 
MPW-ORG treatment group had greater (P = 0.0001; Figure 2.14) amounts of liver Zn 
at the final biopsy than the calves in the MPW-INORG treatment group. These results 
indicate that MPW-ORG Zn may be more readily available to the body for absorption 
and storage. Spears (2003) reported that organic Zn sources are usually more soluble in 
the rumen than inorganic sources. In a study by Spears and Kegley (2002), steers that 
were fed proteinated Zn had a greater ruminal soluble Zn concentration during the 
growing and finishing phases compared to the ZnO supplemented steers. 
 There was a treatment by collection date interaction observed for Cu (P = 0.0002; 
Figure 2.15). Calves from the MPW-ORG treatment had a decrease (P = 0.0004; Figure 
2.15) in liver Cu concentration from initial biopsy to final biopsy. Further, calves from 
the MPW-ORG treatment had greater (P = 0.0365; Figure 2.15) amounts of liver Cu than 
calves from the MPW-INORG treatment at the May 2013 biopsy, but the MPW-INORG 
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treatment had greater (P = 0.0082; Figure 2.15) amounts of liver Cu than calves from the 
MPW-ORG treatment at the October 2013 biopsy. Iron has been shown to affect the 
absorption of Cu (Bremner et al., 1987; Gengelbach et al., 1994). Liver concentration of 
Fe was observed to be greater early in the trial (P = 0.0138; Figure 2.19), and greater in 
MPW-INORG treated calves (P = 0.0058; Figure 2.20).  The increase in Fe present early 
in the trial (Figure 2.19), and a greater amount of Fe present in the MPW-INORG calves 
(Figure 2.20) could be the cause of the depressed Cu liver concentration in the MPW-
INORG treatment early in the trial. The differences between MPW-INORG and MPW-
ORG Cu at the October 2013 collection may be a result of the greater liver concentration 
of Zn (P = 0.0148; Figure 2.13) present in the calves at the same time point. When Zn 
concentrations were similar between the treatments, liver Cu was greater in the MPW-
ORG treatment calves, but when Zn was greater in the MPW-ORG treatment calves, liver 
Cu concentration decreased in the MPW-ORG treatment calves and was greater in the 
MPW-INORG treatment calves. This could be an indication of an interaction occurring 
between Zn and Cu. One interaction that is often over looked is the interaction between 
Cu and Zn. This interaction was investigated by Wellington (1998) who showed the 
negative effect of Zn on Cu. When there is large intake of dietary Zn, Cu concentrations 
in plasma and liver of cattle and sheep are reduced (Ott et al., 1966; Kincaid et al., 1976; 
Kellogg et al., 1989). 
 There was a collection date by treatment interaction observed for Co (P < 0.0001; 
Figure 2.16). Calves from the MPW-ORG treatment had a greater (P = 0.0002; Figure 
2.16) amount of Co present in the liver compared to calves in the MPW-INORG 
treatment at the May 2013 collection. However, calves from the MPW-INORG treatment 
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had a greater (P = 0.0006; Figure 2.16) amount of Co present in the liver compared to 
calves in the MPW-ORG treatment at the October 2013 collection. Furthermore, calves in 
the MPW-INORG treatment had the greatest (P < 0.0018; Figure 2.16) amount of Co 
present in the liver at the October collection compared to all other treatments and time 
points. Cobalt was supplemented to both treatments in an inorganic form at similar 
quantities. As previously mentioned, little is known about Co in ruminants, and no 
previous research has shown interactions for Co with Cu and Zn. However, when the 
results for Co (Figure 2.16) are compared with the results of Cu (Figure 2.15), it is 
possible that some type of correlation could be occurring between Co and Cu. When liver 
Cu concentration was greater between treatments for each time point (P = 0.0002; Figure 
2.14), similar results for the treatment by collection date were observed for Co. However, 
no research has provided insight to a correlation between Co and Cu.   
 There was a treatment by collection date interaction observed for Se (P < 0.0001; 
Figure 2.17). Calves from the MPW-INORG group had an increase (P < 0.0001; Figure 
2.17) in liver Se from the May 2013 collection to the October 2013 while calves provided 
the MPW-ORG treatment had similar (P = 0.2299; Figure 2.17) liver Se concentration at 
both sampling points. Furthermore, Se liver concentration was greatest (P < 0.0001; 
Figure 2.17) in the MPW-INORG treatment calves at the October 2013 collection when 
compared to both treatments at both time points. There was also a treatment by collection 
date interaction observed for Mo (P = 0.0044; Figure 2.18). There were no differences 
(P = 0.8282; Figure 2.18) in liver Mo concentration between the treatments for either 
collection periods. Calves had an increase in liver Mo concentration from May 2013 
collection to October 2013 collection for the MPW-ORG (P < 0.0001; Figure 2.18) and 
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MPW-INORG (P < 0.0001; Figure 2.18) treatments. Selenium and Mo were not a part of 
the supplements provided to the calves during the trial. Therefore, the only Se and Mo 
available for intake would be that available in the forage. Pastures that the cattle were 
grazing numerically differed in Se concentration of the forage between the treatments in 
2013 (Table 2.1), which could have caused the difference between treatments for liver Se 
concentration in October 2013. The increase in Se over time in the MPW-INORG 
treatment may be related to the concentration of Zn (Figure 2.14) and Cu (Figure 2.15) 
present in the liver. House and Welch (1989) found an interaction between selenium and 
zinc in rats. When rats were zinc adequate, there was a decrease in selenium, but when 
rats were zinc deficient, there was an increase in selenium. The incidence of this 
interaction is not clearly understood. As previously discussed, Zn concentrations were 
similar in calves from both treatments at the May 2013 collection, but when Zn was 
greater (P = 0.0001; Figure 2.14) in the MPW-ORG treatment calves at the October 
2013 collection, Se was reduced at the same time period.  Furthermore, Bires et al., 
(1991) observed in a Cu intoxication study in sheep, that when a greater amount of 
selenium is present in the body, a greater amount of Cu is also observed. In this study, 
liver Cu was greatest for the calves in the MPW-INORG treatment at the October 2013 
collection (P = 0.0002; Figure 2.15), which is similar to the Se results. Mo was also not a 
part of the mineral supplementation for this trial, and it is assumed that the fluctuation in 
liver Mo concentration may be related to the Mo content of the pasture forage.  
 A difference was observed for main effects of collection date (P = 0.0138; Figure 
2.19) and treatment (P = 0.0058; Figure 2.19) for Fe. Iron concentration in the liver of 
calves from both treatments decreased (P = 0.0138; Figure 2.19) from the May 2013 
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collection to the October 2013 collection. Furthermore, calves in the MPW-INORG 
treatment had greater (P = 0.0058; Figure 2.20) liver Fe concentrations than calves from 
the MPW-ORG treatment. Iron was not a part of the supplement provided to the calves 
during the trial. Therefore, the only Fe available for that calves is that found in the forage 
and soil ingested while grazing. Iron concentration in the forage was numerically greater 
in 2012 than 2013 (Table 2.1). Furthermore, the increase in Fe concentration in calves 
that were supplemented with MPW-INORG Cu and Zn could be related to the 
interactions between Cu, Zn, and Fe (Spears, 1996; Spears, 2003; McDowell, 1992). It is 
possible that if organic Zn was more readily available in the MPW-ORG treatment, the 
antagonistic effect of Fe may be lessened causing Fe concentrations in the MPW-ORG 
group to be reduced. 
 A treatment effect was observed for Mn. Calves from the MPW-ORG treatment 
group had greater amounts of Mn than calves from the MPW-INORG group (P = 0.0199; 
Figure 2.21). The mineral supplement being provided to calves did not contain any 
supplemental Mn. The forage analysis showed that Mn concentration present in the 
forage was numerically greater in the MPW-INORG pastures (Table 2.1). It is assumed 
that the cause for the increased concentration of Mn present in the liver of calves from the 
MPW-ORG treatment is a result of an increased concentration of Fe in the calves on the 
MPW-INORG treatment. Manganese and Fe compete with each other because both are 
transported by transferrin (Davidsson et al., 1989), and are taken up by transferrin 
receptors in the liver (Underwood and Suttle, 1999).  
 Calves provided an MPW-ORG source of Cu and Zn throughout gestation and 
lactation had a greater (P = 0.0167; Figure 2.22) 205-d adjusted weaning weight 
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compared to calves on the MPW-INORG treatment. This improvement in weaning 
weight may be due to the enhanced availability of the organic Zn and Cu to the body 
increasing the amount of protein turnover, while not changing the rate of protein 
degradation, therefore adding more muscle weight. As previously explained Engle et al. 
(1997) demonstrated that Zn plays a critical role in proteolytic enzyme systems 
associated with muscle protein turnover. Muscle protein accretion decreased when 
animals were not supplemented with Zn. These results agree with the study by Stanton et 
al. (2000) in that calves in the organic treatment had weaning weights (WW) greater than 
calves from the high level inorganic, but not the low level inorganic treatment. Stanton et 
al. (2000) indicated that feeding high levels of inorganic mineral when Fe is present had 
negative effects on calf WW. Furthermore, the study previously described by Ahola et al. 
(2004) reported that calves in the organic treatment had greater 205-d WW than calves 
from the inorganic treatment in year 1 but not year 2. However, the calves from Ahola et 
al. (2004) that were in the control non-supplemented group had greater 205 d WW than 
supplemented calves regardless of mineral source for year 1 and 2. It is not clear why this 
result occurred.   
As expected there was also a sex effect observed for adjusted weaning weights. 
Steers had a greater weaning weight than heifers (P < 0.0001; Figure 2.22). This agrees 
with previous research (Koger and Knox, 1945; Koch, 1951). 
 The results for calf vaccine response for BRSV, BVDV type I and II, and IBRV 
are shown in Figures 2.23-2.26. No differences observed for BRSV (Figure 2.23) for the 
main effect of treatment (P = 0.3995), collection period (P = 0.0887), or gender (P = 
0.9127). Similarly, there were no differences observed for IBRV (Figure 2.24) for the 
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main effect of treatment (P = 0.9146), collection period (P = 0.4257), or gender (P = 
0.8803). There was a collection period difference observed for BVDV type I and type II 
(P = 0.0020; Figure 2.25) and BVDV II (P = 0.0007; Figure 2.26) respectively. As 
expected, titer values increased from pre-vaccination to post-vaccination for both BVDV 
and BVDV II. These results agree with previous research by Chang et al. (1996).   
 Research investigating mineral supplementation in general, and the effect it has 
on viral shedding is limited. In the current study, no differences were detected between 
calves provided MPW-ORG Cu and Zn compared to those provided MPW-INORG Cu 
and Zn. Out of all the observations, only 1 steer and 1 heifer from the MPW-INORG 
treatment tested positive for bovine coronavirus (BCV). With this limited number of 
positive samples statistical analysis was not possible therefore no results are shown.  Orr 
et al. (1990) conducted four trials investigating changes in blood serum Cu and Zn during 
transit stress, and/or stress, and when calves were challenged with IBRV. Calves were 
supplemented with a trace mineral premix, of an unknown source, which was formulated 
to provide Zn, 50 ppm; Mn, 10 ppm; Fe, 50 ppm; Cu, 5 ppm and Co, 0.1 ppm. 
Researchers reported an increase in urinary Cu and Zn excretion in cattle inoculated with 
IBRV. These researchers also observed that blood serum concentration of Zn decreased 
in morbid or IBRV challenged calves while Cu concentration increased indicating health 
status effects Cu and Zn levels. Therefore, the lack of differences in viral shedding, in the 
current study, between calves supplemented pre- and post-gestation with organic or 
inorganic sources of Cu and Zn may not have been observed due to the fact that the 
calves were provided Cu and Zn, regardless of the source.  
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Conclusions 
 Supplementing cows throughout gestation and lactation with either inorganic or 
organic sources of Cu and Zn did not result in differences in cow liver concentration of 
Cu and Zn between treatments, however supplementation with organic Cu and Zn did 
improve cow BW at the end of the trial. Supplementing with mineral in general, 
regardless of source, improved BCS. Calves produced from cows supplemented with 
organic Zn had greater concentrations of Zn present in the liver compared to calves from 
cows supplemented with inorganic Zn. However, the opposite results were observed for 
Cu. Calves from cow supplemented with inorganic Cu had greater concentration of Cu 
present in the liver compared to calves from cows supplemented with organic Cu. 
Finally, supplementing organic Cu and Zn resulted in increased weaning weights of 
calves compared to supplementation of Cu and Zn in the inorganic form. Collectively 
these data suggest that supplementing with organic mineral may prove beneficial to a 
cow/calf producer that is marketing calves at weaning, as improvements in weaning 
weights will lead to a greater value of the calves. 
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CHAPTER 3 
The effect of maternal source of copper and zinc on feedlot performance, carcass 
composition, and meat quality of the offspring. 
J. O. Fulton 
Department of Animal Science 
South Dakota State University, Brookings, SD 57007 
 
INTRODUCTION 
 Greater amounts of nutrition are required by dams during gestation to meet the 
requirements of the developing fetus. If these requirements are not met, changes in fetal 
development can occur. Previous research has demonstrated that maternal nutrition 
during gestation can cause alterations in fetal development (Wigmore and Stickland, 
1983; Dwyer et al., 1994; Zhu et al., 2006; Larson et al., 2009; Du et al., 2010; 
Underwood et al., 2010), and it is believed that these alterations can persist into the 
finishing phase. Restricted nutrition during gestation has resulted in increased adipose 
tissue deposition (Wigmore and Stickland, 1983; Zhu et al., 2006; Du et al., 2010) and 
decreased muscle development (Dwyer et al., 1994; Zhu et al., 2006; Du et al., 2010) 
leading to alterations in carcass composition (Larson et al., 2009; Underwood et al., 
2010). However, there is limited understanding of the mechanisms by which 
programming in utero influences feedlot performance, carcass composition, and meat 
quality. The vast majority of research to date that has investigated the impact of maternal 
nutrition on fetal development has focused on global nutrition. Limited work has focused 
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on the impact of mineral supplementation during gestation and the pre-weaning phase on 
feedlot performance, carcass characteristics, and meat quality of offspring.   
 The necessity of trace minerals has been well established in both humans and 
animals.  Further, Cu and Zn are among the most commonly deficient trace minerals in 
grazing cattle diets (Paterson and Engle, 2005). Both elements are generally available at 
concentrations below the animal’s requirements, and Cu is subject to very potent 
antagonisms from S, Mo, and Fe, which further reduces the amount available to the 
animal (Spears, 1996).  
 Copper is present in and essential for numerous enzymes, cofactors, and reactive 
proteins (Suttle, 2010). Critical biological functions that depend on Cu include immune 
function, oxidant protection, and connective tissue formation. Each of these systems 
relies on Cu metalloenzymes (Niederman et al., 1994; Nockels, 1994; Larson, 2005). 
Zinc is also highly ubiquitous in physiological systems. It is a known component or 
cofactor of numerous Zn metalloproteins, and is required for the structural and functional 
integrity of over 2000 transcription factors, and is a component of Zn-finger binding 
domains in DNA-binding proteins (Suttle, 2010). Suttle (2010) has identified 4 primary 
functions of Zn that might affect livestock production: gene expression, appetite control, 
fat absorption, and antioxidant defense. Of particular interest to this study is the role Zn 
plays in DNA synthesis, nucleic acid metabolism, and protein metabolism as it might 
relate to fetal growth and development (Hurley, 1981; Chesters, 1992; Cousins et al., 
2003;). Combined with its effect on gene expression, Zn can potentially have a profound 
effect on the immune system. 
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 The bioavailability of trace mineral sources can be highly variable. Among 
inorganic sources, sulfates and chlorides are generally considered the most available, 
while the oxides are generally less available (Harty, 2016).  However, research has 
shown, in multiple species, that organic sources of trace minerals are more available to 
the animal (Spears, 1989; Pimentel et al., 1991; Suttle, 1991). As such, the potential 
exists for enhanced absorption of both Zn and Cu from organic sources and as a result, 
improvements in the key functions of these minerals as described previously.  
Source of mineral supplementation, whether it be organic or inorganic, may 
therefore influence feedlot performance, carcass traits, and meat quality (Ward and 
Spears, 1997; Spears and Kegley, 2002; Genther and Hansen 2014b). The combined 
stress of weaning, shipping, diet changes and exposure to new pathogens can cause 
immune function to be compromised causing increased instances of sickness. Decreases 
in immune function can lead to performance issues of the calf such as decreased DMI, 
F:G, and weight gain. Previous research implies that calves that have been provided with 
supplemental mineral have fewer instances of sickness (McDowell, 1996). These results 
suggest that mineral supplementation may improve immune function of calves entering 
the feedlot reducing the instances of sickness that may be brought on my stress. This 
improvement may also translate to improvements in carcass characteristics and overall 
meat quality. However, research focused on the effects of gestational source of Cu and 
Zn on feedlot health, performance, carcass traits and meat quality of offspring is lacking 
and is the objective of this study. We hypothesis that providing organic Cu and Zn during 
gestation, lactation and the feeding phase would improve calf health, growth performance 
and beef quality. 
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Materials and Methods 
Animals  
All animal care and experimental protocols were approved by the South Dakota 
State University Animal Care and Use Committee (IACUC approval number: 12-035A). 
Offspring (n = 168) from cows,  that were supplemented with organic (MPW-ORG; 
maternal/pre-weaning – Organic) or inorganic (MPW-INORG; maternal/pre-weaning – 
Inorganic) sources of Cu and Zn, were weaned and shipped from the South Dakota State 
University Antelope Research Station to the Southeastern Research Farm, Beresford, SD 
(SERF). Upon arrival at SERF, calves were blocked by sex and allotted into 24 pens 
based on BW at weaning so that the average pen weight was consistent between all pens, 
resulting in 7 calves per pen. Each pen contained 3 calves that had been previously liver 
biopsied. The treatments were applied in a 2 (MPW) x 2 (feedlot phase; FL) treatment 
structure such that half of the offspring from the MPW-ORG treatment were re-assigned 
to FL-INORG treatment and half remained FL-ORG while half of the offspring from the 
MPW-INORG treatment were re-assigned to FL-ORG and half remained FL-INORG.  
Calves were started on a backgrounding diet primarily of forage base and were stepped 
up to a finishing ration as shown in Table 3.2. The step 1 ration began on d 24 in the 
feedlot, step 2 on d 31, the finishing ration began on d 39 and calves remained on this 
ration until d 195. Calves were implanted with 36 mg of zeranol (Ralgro®; Merck 
Animal Health, Madison, NJ 07940) on d 31 and 200mg of trenbolone acetate and 20mg 
estradiol (Revalor 200®; Merck Animal Health, Madison, NJ 07940) on d 88 of the 
feedlot phase. Initial weights were determined by averaging pen weights that were 
collected on d 0 and 1 of the feedlot phase. Pen weights were collected every 28 d 
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throughout the remainder of the trial, final weights collected on d 194 and 195 were 
averaged and a 4% standard shrink was applied to calculate final BW.  
Liver Biopsies 
Calves that previously had liver biopsies collected at weaning (n = 78) were 
biopsied again 9 d prior to harvest to determine change in Cu and Zn liver concentration 
over the feedlot treatment period. Not all samples returned recordable numbers during 
analysis creating differences in samples collected per treatment. Liver samples were 
collected using the true-cut technique described by Pearson and Craig (1980), as 
modified by Engle and Spears (2000). Samples were frozen at -20ºC until analysis. 
Tissues were dried overnight in a 75°C oven and then digested overnight in 
approximately 10x the dry tissue mass of nitric acid.  The digested samples were diluted 
with water to 100x the dried tissue mass. Elemental analysis followed the method of 
Wahlen et al., 2005 using an Agilent 7500ce Inductively Coupled Plasma – Mass 
Spectrometer (ICP/MS; Agilent Technologies Inc, Santa Clara CA 95051).  Briefly, 
diluted tissue digests and standards were diluted 20-fold with a solution containing 0.5% 
EDTA and Triton X-100, 1% ammonium hydroxide, 2% propanol and 20 ppb of 
scandium, rhodium, indium and bismuth as internal standards.  The ICP/MS was tuned to 
yield a minimum of 7500 cps sensitivity for 1 ppb yttrium (mass 89), less than 1.0% 
oxide level as determined by the 156/140 mass ratio and less than 2.0% double charged 
ions as determined by the 70/140 mass ratio. Elemental concentrations were calibrated 
using a 4-point linear curve of the analyte-internal standard response ratio.  The lowest 
concentration points were 0.1 µg/mL for Fe, Cu, and Zn, 0.5 ng/mL for Mn, and 0.1 
ng/mL for Mo, Co, and Se. No sample concentrations below these points were reported.  
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Standards were from GFS (GFS Chemicals, Powell OH 46065).  An NIST (National 
Institute of Standards and Technology, Gaithersburg MD 20899) bovine liver standard 
was used a control. 
Ovalbumin Challenge 
Calves were subjected to an ovalbumin challenge as described by Heriazon 
(2009). Ovalbumin was prepared by mixing 2 mg of crystallized ovalbumin (chicken egg 
albumin, Grade V, F-5503, Sigma Chemical, St. Louis, MO) per mL of PBS.  The PBS/ 
ovalbumin solution was diluted 1:1 (vol:vol) with Freund’s incomplete adjuvant (F-5506, 
Sigma Chemical, St. Louis, MO) emulsified and stored at 4°C until injection. Calves 
were given 4mL of the ovalbumin vaccine on d 31 of the feedlot trial. This served as d0 
of the ovalbumin trial. Before the initial vaccination, blood samples were collected from 
each calf. This d 0 sample served as a baseline to determine differences between 
treatments after ovalbumin vaccination. A secondary ovalbumin booster was 
administered to the calves on d 28 of the ovalbumin trial. Blood was also collected on d 
14, 28, 49, and 57.  Blood samples were transported back to SDSU campus on ice and 
immediately centrifuged at 2,000 x g for 25 minutes at 4°C. Serum was collected and 
stored frozen at -20°C for determination of ovalbumin concentration using an enzyme-
linked immunosorbent assay (ELISA). 
The ELISA was performed using the methods of Heriazon (2009) with 
modifications. Analysis was performed on serum samples from d 0, 28, and 49. These 
collection periods were determined to provide distinct response peaks when graphed. 
Specifically, individual wells of a 96-well plate (Co-star high binding plates,07-200-39 , 
Fisher Scientific, Pittsburgh, PA) were coated by placing 140 ng of ovalbumin (chicken 
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egg albumin, Grade V, Product # F-5503, Sigma Chemical, St. Louis, MO) in each well 
by pipetting 100 µL per well of a solution containing 1.4 mg of ovalbumin / 1mL of 
coating buffer.  Plates were incubated at 4°C for at least 20 h (overnight) to allow the 
ovalbumin antigen to adhere to each well. Following the overnight incubation, wells were 
emptied and 150 µL of a Phosphate Buffer Saline (PBS; P3813, Sigma Chemical, St. 
Louis, MO) + 0.05% polyoxyethylene sorbitan monolaurate (PBST; Tween 20; P2287, 
Sigma Chemical, St. Louis, MO) was used to wash the plate 5 times. The PBST remained 
on the plate for 4 minutes each wash and plates were blotted dry. After 5 washes, 200 µL 
of ELISA ULTRABLOCK (BUF033B Serotec, Immunological Excellence; BIO-RAD, 
Hercules, CA 94547) blocking buffer was added to each well and incubated for 1 h at 
room temperature to decrease nonspecific binding.  Following incubation with blocking 
buffer, wells were emptied, washed 5 times with PBST as previously described and 
blotted dry.  Serum samples were thawed and diluted with PBST in a two-fold serial 
dilution.  Serum samples were diluted from their initial concentration such that d 0 was 
diluted 1:800, d 21 was diluted 1:12,800, and d 49 1:25,600.  Diluted serum samples (100 
µL) were added to triplicate wells and incubated for 1 h at room temperature. Following 
incubation, samples were removed and plates were washed 5 times with PBST wash 
buffer and blotted dry.  The secondary antibody, alkaline phosphatase anti-bovine IgG 
(A-0705, Sigma Chemical, St. Louis, MO) was diluted to a concentration of 1:5000 in 
PBST, added to each well at 100 µL/well, and incubated at room temperature for 1 h.  
Well contents were discarded and plates were washed 5 times with PBST wash buffer 
and blotted dry.  Substrate, Alkaline Phosphate Yellow (pNPP) Liquid Substrate System 
for ELISA (P7998, Sigma Chemical, St. Louis, MO), was filtered and added at 200 
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µL/well and incubated in the dark at room temperature for 30 min.  The substrate solution 
was made fresh daily according to manufacturer protocol in the absence of light.  The 
reaction was stopped by adding 50 µL of a 2 M NaOH solution to each well. The optical 
density of each well was determined using a 96-well plate reader (SpectraMAX 190, 
Molecular Devices, Sunnyvale, CA) at an optical wavelength of 405 nm.  The optical 
density of the control well (no serum, but did contain ovalbumin antigen) was subtracted 
from the value of each sample well to determine the sample optical density. 
Slaughter and Carcass Data Collection 
 Steers were transported approximately 100 km to a commercial packing plant 
(Tyson Fresh Meats, Dakota City, NE) where they were slaughtered under standard, 
humane procedures. Steers were tracked through the harvest floor to maintain animal 
identification. Hot carcass weight (HCW) for each individual carcass was recorded at 
slaughter. Longissimus muscle area (LMA), 12th rib back-fat thickness, percentage of 
kidney pelvic and heart fat (KPH), marbling score and USDA Quality Grade were 
recorded by university personnel. Hot carcass weight, LMA, 12th rib back-fat thickness, 
and KPH were then used to calculate USDA Yield Grade for each individual carcass. At 
2 d postmortem, carcasses were tracked through the fabrication floor and full strip loins 
were collected from 1 side of each carcass.  Recovered strip loins (n=161) were vacuum 
packaged, boxed, and transported to the South Dakota State University Meat Laboratory.  
At 3 d postmortem, strip loins were divided into steaks for the analysis of objective lean 
color, pH, purge loss, objective tenderness, drip loss, collagen content and solubility, and 
ether extractable fat percentage. A steak was also removed for later determination of 
sensory attributes by a trained sensory panel.  
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Color Analysis and pH 
The most anterior steak from each strip loin was cut and allowed to bloom for 20 
minutes prior to recording objective color (L*, a*, b*) using a Minolta Chroma Meter 
CR-310 (Minolta Corp., Ramsey, NJ) with a 50 mm diameter measuring area.  Steak 
color was measured on the surface, in 3 different regions then averaged.  A calibrated 
Testo 206 pH meter (Sparta, NJ) was used to measure pH of each steak in a single 
location. 
Purge Loss, Warner-Bratzler Shear Force and Cook Yield 
 At the time of fabrication, four 2.54-cm steaks from each strip loin that were 
assigned for WBSF were individually vacuum-packaged and allowed to wet age for their 
assigned aging period (3, 7, 14, 21 d) at 4°C, then weighed in the bag (in bag weight) and 
out of the bag (out of bag weight) to determine purge loss.  Purge loss was determined 
using the following equation:  
% 𝑃𝑢𝑟𝑔𝑒 𝐿𝑜𝑠𝑠 = (
(𝑖𝑛 𝑏𝑎𝑔 𝑤𝑡 − 𝑏𝑎𝑔 𝑤𝑡) − 𝑜𝑢𝑡 𝑜𝑓 𝑏𝑎𝑔 𝑤𝑡
(𝑖𝑛 𝑏𝑎𝑔 𝑤𝑡 − 𝑏𝑎𝑔 𝑤𝑡)
) ∗ 100 
Steaks were then vacuum packaged and stored at -29°C. In preparation for Warner-
Bratzler shear force analysis samples were thawed at 4°C for approximately 24 h prior to 
cooking, fresh weights were recorded to determine cook yield. Steaks were cooked to a 
target internal temperature of 71°C on an electric clamshell grill (George Foreman, 
Indoor/Outdoor Grill, Model GR2144P, Lake Forest, IL). Peak internal temperature was 
measured with a digital thermometer (model RT600C-N, ThermoWorks, Lindon, UT) 
that was inserted into the geometric center and recorded for each steak.  Steaks were 
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cooled overnight at 4°C. Cooked weights were recorded prior to coring. Cook yield was 
determined by the following equation:  
% 𝐶𝑜𝑜𝑘 𝑌𝑖𝑒𝑙𝑑 = (
𝑐𝑜𝑜𝑘𝑒𝑑 𝑠𝑡𝑒𝑎𝑘 𝑤𝑡
𝑓𝑟𝑒𝑠ℎ 𝑠𝑡𝑒𝑎𝑘 𝑤𝑡
) ∗ 100 
Six cores (1.27 cm diameter) were removed parallel to the muscle fiber orientation 
(AMSA, 1995).  A Warner-Bratzler shear machine (Dillion/Quality Plus, Inc., 08-0159-
08, Liberty, MO) was used to shear cores perpendicular to muscle fiber orientation.  Peak 
shear force (kg) was recorded then averaged from the six cores removed from each steak. 
Ether Extraction 
 Samples designated for ether extraction were allowed to thaw slightly at room 
temperature for 15 – 30 minutes.  Steaks were trimmed free of external fat and additional 
muscles leaving the longissimus muscle (LM) remaining. The LM was cut into small 
pieces and snap frozen in liquid nitrogen.  Frozen samples were then homogenized into a 
fine powder using a cold blender (Waring Commercial, 51BL32, Torrington, CT). 
Samples were stored at -20°C for further analysis. 
 Powdered steak samples were used for moisture and crude fat analysis.  Five g of 
sample was weighed into dried aluminum pans and covered with dried filter paper. Pans 
were then dried for 24 h at 101°C, removed from the oven and cooled in a desiccator for 
1 h.  Moisture content (%) was calculated using the following equation: 
% 𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 = (
(𝑃𝑎𝑛 + 𝑆𝑎𝑚𝑝𝑙𝑒) − (𝐷𝑟𝑖𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒 + 𝑃𝑎𝑛)
(𝑃𝑎𝑛 + 𝑆𝑎𝑚𝑝𝑙𝑒) − (𝐸𝑚𝑝𝑦 𝑃𝑎𝑛)
) ∗ 100 
Dried samples were extracted in petroleum ether for 60 h in a side arm soxhlet (AOAC, 
1990).  Ether was evaporated from samples by placing them in a fume hood for 24 h.  
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Extracted samples were then dried for 24 h at 101°C.  Fat content was determined using 
the following equation: 
% 𝐹𝑎𝑡 = (
(𝐷𝑟𝑖𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒 + 𝑃𝑎𝑛) − (𝐸𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑆𝑎𝑚𝑝𝑙𝑒 + 𝑃𝑎𝑛)
(𝑃𝑎𝑛 + 𝑆𝑎𝑚𝑝𝑙𝑒) − (𝐸𝑚𝑝𝑦 𝑃𝑎𝑛)
) ∗ 100 
Moisture and fat content was expressed as a percentage of the initial sample weight. 
Sensory Analysis 
 The average WBSF was determined for each pen of cattle and steaks from the two 
individuals closest to the mean WBSF were designated for evaluation by a trained 
sensory panel. These steaks were aged for 14 d and then frozen.  Eight panelists were 
trained to evaluate juiciness, tenderness, beef flavor, off flavor, and overall acceptability.  
Prior to tasting, steaks were thawed at 4°C for approximately 24 h and then cooked to a 
target internal temperature of 71°C on an electric clamshell grill (George Foreman, 
Indoor/Outdoor Grill, Model GR2144P, Lake Forest, IL).  Peak internal temperature was 
measured with a digital thermometer (model RT600C-N, ThermoWorks, Lindon, UT) 
that was inserted into the geometric center.  Samples were cut into 1x1 cm cubes with 2 
cubes served to each panelist under red lights to ensure uniformity in sample appearance.  
Each panelist was isolated in an individual booth and asked to score each sample on an 
eight point hedonic scale for juiciness (8=extremely juicy to 1=extremely dry), 
tenderness (8=extremely tender to 1=extremely tough), beef flavor (8=extremely intense 
to 1=non-detectable), off flavor (8=non-detectable to 1=extremely intense), and overall 
acceptability (8=extremely acceptable to 1=extremely unacceptable). 
Drip Loss 
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To quantify drip loss, a 0.635-cm slice of each strip loin was weighed then 
suspended from a rack using a paper clip. A plastic bag was placed around each sample 
to catch purge. Samples were not allowed to touch each other or the plastic bag. After 48 
h, steak samples were weighed again and drip loss was determined as the difference 
between initial and ending weight.  
Collagen Content and Solubility 
To determine if supplementation of organic versus inorganic Cu and Zn 
differentially impact growth and tenderness parameters of cattle through alterations in 
connective tissue, 14 d aged steaks from two head per pen closest to pen average for 
WBSF were selected and analyzed for collagen content and solubility. Total 
intramuscular collagen and percent soluble collagen of muscle samples were determined 
using a modified procedure of Hill et al. (1966) as described by Gerrard et al. (1987). 
Statistical Analysis 
 Feedlot calf liver mineral concentration, ovalbumin challenge optical density, and 
steak quality characteristics (purge loss, steak percent cook yield, and WBSF) were 
analyzed using the repeated measures of PROC MIXED procedures of SAS. Mineral 
treatment and feeding phase treatment were analyzed as a 2 × 2 factorial, mineral 
treatment, feeding phase treatment, collection date, sex and their interaction were 
included as fixed effects. Pen was used as the random term. Feedlot performance, carcass 
performance, meat quality traits, steak sensory attributes and meat mineral content data 
were analyzed using the PROC MIXED procedures of SAS. Mineral treatment, feeding 
phase treatment, collection date, sex and their interaction were included as fixed effects. 
Pen was used as the random term. Pen served as the experimental unit for both models. 
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The Kenward-Roger option was used to calculate denominator degrees of freedom and 
least square means were calculated for both models. 
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Results and Discussion  
 
 The ingredients and nutrient composition for the inorganic and organic treatment 
diets are shown in Tables 3.1 and 3.2, respectively. Nutrient composition of each 
ingredient is shown in Table 3.3. Calves were backgrounded for 23 d after entering the 
feedlot and then were stepped up to a finishing diet. The only difference between the 
supplements was the form of Cu and Zn provided; the FL-INORG treatment received Cu 
and Zn in the sulfate form and the FL-ORG treatment received proteinated Cu and Zn.  
 Results for change in mineral concentration in the liver during the feedlot phase 
are shown in Figures 3.1 – 3.14. An interaction was observed for Zn between collection 
date and MPW treatment (P = 0.0006; Figure 3.1). Concentration of Zn in the liver was 
greater (P < 0.0001; Figure 3.1) at feedlot entry compared to the final biopsy. 
Furthermore, at feedlot entry, calves from the MPW-ORG treatment had greater (P = 
0.0001; Figure 3.1) Zn concentrations in the liver than the MPW-INORG while at the 
end of the feedlot period MPW treatment had no effect on Zn concentration (P = 0.3539; 
Figure 3.1). The decrease in Zn over the feeding period could be attributed to the 
increased levels of Zn in the forage the calves were grazing prior to entering the feedlot. 
Once calves entered the feedlot, they were not receiving additional Zn from the forage 
causing Zn concentrations in the liver to decrease. Furthermore, Spears (2003) reported 
that organic Zn sources are usually more soluble in the rumen than inorganic sources. In a 
study by Spears and Kegley (2002), steers that were fed proteinated Zn had a greater 
ruminal soluble Zn concentration during the growing and finishing phases compared to 
the ZnO supplemented steers. This could explain why calves from the MPW-ORG 
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treatment had greater concentration of Zn present in the liver compared to calves from the 
MPW-INORG treatment.  
 There were interactions for collection date by MPW treatment (P = 0.0072; 
Figure 3.2), collection date by feeding phase treatment (P = 0.0306; Figure 3.2), gender 
by collection date (P = 0.0510; Figure 3.2), and gender by feeding phase treatment (P = 
0.0101; Figure 3.2) observed for Cu. Calves produced from cows in the MPW-INORG 
treatment had greater (P = 0.0009; Figure 3.2) amounts of Cu present in the liver when 
compared to calves produced from cows on the MPW-ORG treatment when entering the 
feedlot. Further, calves from the MPW-ORG treatment had an increase (P = 0.0012; 
Figure 3.2) in liver Cu concentration from the time they entered the feedlot to the end of 
the feeding phase. Calves from the FL-INORG treatment had greater (P = 0.0033; Figure 
3.3) amounts of Cu present in the liver when compared to calves in the FL-ORG 
treatment when entering the feedlot. Further, calves from the FL-ORG treatment had an 
increase (P = 0.0037; Figure 3.3) in liver Cu concentration from the time they entered 
the feedlot to the end of the feeding phase. Heifers at feedlot entry had the lowest (P = 
0.0447; Figure 3.4) concentration of Cu present in the liver compared to heifers at the 
end of the feeding phase and steers at either time point. Further, steers in the FL-INORG 
treatment had a greater (P = 0.0328; Figure 3.5) amount of Cu present in the liver when 
compared to steers from the FL-ORG treatment and heifers from either treatment. As 
previously described in chapter two, an interaction between Cu and Zn has been 
previously observed (Wellington, 1998). When concentrations of Zn are increased in the 
liver, concentrations of Cu decrease (Ott et al., 1966a; Kincaid et al., 1976; Kellogg et al., 
1989). As previously reported calves from cows in the MPW-ORG treatment had greater 
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(P = 0.0001; Figure 3.1) levels of Zn present in the liver upon entry into the feedlot. 
With a greater concentration of Zn present in the calves from the MPW-ORG treatment, 
Cu availability in the MPW-ORG calves could be decreased leading to the results 
observed in Figures 3.2 and 3.3. In reference to the collection date by gender and feeding 
phase treatment by gender interactions, no research to date has been published that would 
indicate why heifers entering the feedlot had less Cu present in the liver compared to 
heifers at the end of the finishing phase and steers at both time points. It is also unclear 
why steers receiving the FL-INORG treatment would have greater amounts Cu present in 
the liver when compared to steers receiving the FL-ORG treatment.  
 A difference was observed for Se for the main effect of collection date and MPW 
treatment (P = 0.0002; Figure 3.6) and (P < 0.0001; Figure 3.7), respectively. Liver 
concentration of Se decreased (P = 0.0002; Figure 3.6) from feedlot entry to the end of 
the finishing phase. The calves used for this study came from a region that is known for 
large concentrations of Se in the forage and soil (Table 2.1), therefore when removed 
from pasture and placed on feed Se levels were expected to decrease. The MPW effect 
that was observed indicated that calves produced from cows on the MPW-INORG 
treatment had greater (P < 0.0001; Figure 3.7) liver concentrations of Se when compared 
to calves produced from cows on the MPW-ORG treatment. House and Welch (1989) 
found a Se and Zn interaction in rats. When rats were Zn adequate, there was a decrease 
in Se, but when rats were Zn deficient, there was an increase in Se. The mechanism of 
this interaction is not clearly understood. When calves from cows receiving the MPW-
ORG treatment entered the feedlot, they had greater amounts of Zn present in the liver. 
These increased Zn concentrations could have caused the decreased Se concentration 
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observed in Figure 3.7.Bires et al., (1991) observed in a Cu intoxication study in sheep, 
that increased Se is correlated to increased Cu levels. These results could explain the 
differences observed for Se in this study. As previously discussed, calves from cows on 
the MPW-INORG treatment had a greater amount of Cu present in the liver. This could 
have led to the increased amounts of Se present in the liver of calves produced from cows 
on the MPW-INORG treatment.  
 Calves had greater concentrations of Co present in the liver when they entered the 
feedlot than at the end of the feeding phase (P = 0.0095; Figure 3.8). A feeding phase 
treatment by gender interaction was also observed (P = 0.0528; Figure 3.9). Heifers that 
were receiving the FL-INORG treatment had greater amounts of Co present in the liver 
than FL-ORG treatment heifers (P = 0.0177; Figure 3.9) or MPW-INORG treatment 
steers (P = 0.0335; Figure 3.9). With no interactions known between Co and Zn or Cu, 
these differences observed for the main effect of collection date could be related to 
increased levels of Co in the forage calves were provided before they entered the feedlot. 
During the feeding phase, Co was supplemented in its inorganic form for both treatments. 
With no differences in the form in which Co was being supplemented, Co absorption 
could be influenced by gender, or potentially by source of Cu and Zn according to the 
results in Figure 3.9. Furthermore, as previously discussed, it is shown that steers that 
received FL-INORG have a greater (P = 0.0328; Figure 3.5) concentration of Cu present 
in the liver than FL-ORG steers or heifers from either treatment. Therefore, the results 
imply that there may be an interaction between Cu and Co; however, more research is 
required to validate this hypothesis.  
67 
 
 There were differences for Fe observed for the main effects of collection date and 
MPW treatment. Concentration of Fe present in the liver decreased from the time calves 
entered the feedlot to the time they were harvested (P < 0.0001; Figure 3.10). Calves 
produced from cows on the MPW-INORG treatment had more Fe present in their livers 
compared to calves produced from cows on the MPW-ORG treatment (P = 0.0265; 
Figure 3.11). The decrease in Fe concentration after calves entered the feedlot is likely 
due to diet change. Calves were no longer grazing forage where Fe content was greater, 
or were no longer ingesting soil particles during grazing that could contain increased 
levels of Fe when compared to the feeding phase diet (See Tables 2.1, 2.2, & 3.1). The 
increase in Fe concentration in calves from cows who were supplemented with MPW-
INORG Cu and Zn could be related to the interactions between Cu, Zn, and Fe (Spears, 
1996; Spears, 2003; McDowell, 1992). If organic Cu and Zn are more readily available, 
Fe may not be as competitive for the common transporter, transferrin. Therefore, Fe 
concentrations in the organic group would be less and in the inorganic group would be 
greater.   
 There was a difference in Mo for the main effects of collection date and MPW 
treatment. When calves entered the feedlot, Mo concentrations were greater in the liver 
than at the end of the finishing phase (P < 0.0001; Figure 3.12). Furthermore, as 
observed with Fe, calves produced from cows on the MPW-INORG treatment had greater 
concentrations of Mo present in the liver than calves that came from cows in the MPW-
ORG treatment (P = 0.0084; Figure 3.13). The fact that Mo concentration decreased 
after entering the feedlot is likely associated with Mo concentration present in the forage 
and soil that calves were grazing on before entering the feedlot. There were no 
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differences observed for liver concentration of Mn for any of the main effects (P > 0.05; 
Figure 3.14). 
 There was a MPW treatment by gender by collection date interaction observed for 
the ovalbumin challenge (P = 0.0099; Figure 3.15). As expected for most of the 
treatments, antibody titers to ovalbumin increased (P < 0.0147; Figure 3.15) over time 
except for heifers produced from cows in the MPW-INORG treatment. Heifers produced 
from the MPW-INORG treatment had greater blood serum optical density values (P < 
0.0187; Figure 3.15) than any other treatment and gender on d 0. It is not understood 
why heifers in this treatment would produce this result; however, it is possible that on d 0 
there could have been an undetected illness or the immune systems of these heifers were 
still responding to weaning vaccinations within these pens causing increased titers on d 0. 
The remaining results agree with those reported by Chang et al. (1996) where researchers 
investigated antibody responses of feeder calves to vaccines and ovalbumin.   
 The results for feedlot performance are shown in Table 3.4 and Figures 3.16-3.18. 
Calves from cows that were in the MPW-ORG treatment had greater initial BW (P = 
0.0006; Table 3.4) compared to calves produced from cows from the MPW-INORG 
treatment. This is supported by data in Chapter 2, where calves from cows that were 
supplemented with organic Cu and Zn had increased weaning weights compared to calves 
from cows supplemented with inorganic Cu and Zn (P = 0.0167). When calves on the 
MPW-ORG treatment entered the feedlot, they maintained heavier initial BW. 
Furthermore steers had greater initial BW compared to heifers (P < 0.0001; Table 3.4). 
Pre-weaning and feedlot mineral source did not influence DMI (P > 0.05, Table 3.4).  
There was no influence of gender on DMI (P > 0.05, Table 3.4). 
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 A 3-way interaction was observed between MPW treatment, FL treatment and 
gender for Final BW (P = 0.0238; Figure 3.16), ADG (P = 0.0255; Figure 3.17) and G:F 
(P = 0.0271; Figure 3.18). Steers had the greatest BW when compared to MPW-ORG 
heifers on the FL-ORG treatment when they came from the MPW-INORG treatment and 
remained on the FL-INORG treatment (P = 0.0005; Figure 3.16), and steers that were on 
the MPW-ORG treatment and placed on either the FL-INORG (P = 0.0377; Figure 3.16) 
or FL-ORG (P = 0.0023; Figure 3.16) treatments. Further, Steers had the greatest BW 
when compared to MPW-ORG heifers on the FL-INORG treatment when they came 
from the MPW-INORG treatment that remained on the FL-INORG treatment (P = 
0.0024; Figure 3.16), and steers that were on the MPW-ORG treatment and placed on the 
FL-ORG (P = 0.0377; Figure 3.16) treatments. The same pattern was observed for ADG 
(Figure 3.17). Steers had the greatest ADG when compared to MPW-ORG heifers on the 
FL-ORG treatment when they came from the MPW-INORG treatment and remained on 
the FL-INORG treatment (P = 0.0004; Figure 3.17), and steers that were on the MPW-
ORG treatment and placed on either the FL-INORG (P = 0.0346; Figure 3.17) or FL-
ORG (P = 0.0024; Figure 3.17) treatments. Further, Steers had the greatest ADG when 
compared to MPW-ORG heifers on the FL-INORG treatment when they came from the 
MPW-INORG treatment that remained on the FL-INORG treatment (P = 0.0032; Figure 
3.17), and steers that were on the MPW-ORG treatment and placed on the FL-ORG (P = 
0.0154; Figure 3.17) treatments.  Results for feed efficiency showed that heifers from the 
MPW-ORG / FL-ORG treatment had a decreased G:F ratio when compared to steers 
from the MPW-INORG / FL-INORG (P = 0.0073, Figure 3.18), MPW-ORG / FL-
INORG (P = 0.0271, Figure 3.18), and MPW-ORG / FL-ORG treatments (P = 0.0121, 
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Figure 3.18). Previous research conducted by Spears (1991) showed that feeding organic 
minerals improves growth performance. Further, Reinhardt et al. (2009) investigating the 
relationship of cattle traits on feedlot performance reported similar results between 
genders in cattle with a similar genetic make-up to this study, and reported that steers 
entered and exited the feedlot at heavier body weights than heifers and also had a greater 
ADG. However, to date no research has investigated the interaction of pre- and post-
weaning mineral supplementation across genders, therefore more research is required to 
fully understand these interactions.  
 The results for carcass characteristics are shown in Table 3.5. Feeding phase 
source of Cu and Zn influenced HCW. Calves on the FL-ORG treatment had heavier 
HCW than calves on the FL-INORG treatment (P = 0.0383). Spears and Kegley (2002) 
reported that steers supplemented with chelated Zn had heavier HCW compared to those 
supplemented with inorganic sources of Zn. Engle et al. (1997) demonstrated that Zn 
plays a critical role in proteolytic enzyme systems associated with muscle protein 
turnover, reporting that muscle protein accretion decreased when animals were not 
supplemented with Zn. However, they did not indicate which proteolytic enzyme systems 
it may be affecting. Furthermore, Spears (2003) reported that organic Zn sources are 
usually more soluble in the rumen than inorganic sources. Spears and Kegley (2002) 
reported that steers that were fed proteinated Zn had a greater ruminal soluble Zn 
concentration during the growing and finishing phases compared to the ZnO 
supplemented steers. Thus, it is possible that when calves in the current study received 
organic Zn during the feeding phase protein turnover was increased therefore increasing 
pounds of muscle and improving HCW. As expected steers had increased HCW (P = 
71 
 
0.0003) compared to heifers, as well as a greater percentage of KPH (P = 0.0482), and 
greater yield grade values (P = 0.0304). 
Data from the previously discussed study by Reinhardt et al. (2009), as well as 
data from Choat et al. (2006), and the 2011 National Beef Quality Audit (Moore et al., 
2012) support our observation that steers finish with heavier HCW when compared to 
heifers. Data from the 2011 National Beef Quality Audit (Moore et al., 2012) showed that 
finished heifers harvested at commercial facilities across the United States had a greater 
percentage of KPH when compared to finished steers, but data from Choat et al. (2006) 
showed no differences in percentage of KPH. These studies are in contrast to the KPH 
results observed in this study. Choat et al. (2006) and data from the 2011 National Beef 
Quality Audit (Moore et al., 2012) revealed no differences in yield grades between 
heifers and steers. However, Woerner et al. (2011) reported that steers had increased 
yield grades compared to heifers, supporting the results observed in the current study. 
Increased yield grades observed in steers compared to heifers for this study could be 
attributed to the increase in HCW and percentage of KPH fat recorded for steers, which 
could lead to an increased yield grade value.  No differences were detected for 12th rib fat 
thickness, LMA or marbling score due to MWP treatment, FL treatment or gender (P > 
0.05).  
 An interaction was observed between MPW treatment and FL treatment for 
dressing percent. Calves that were on the MPW-INORG treatment then switched to the 
FL-ORG treatment had an increased dressing percentage compared to calves that were on 
MPW-INORG treatment and remained on FL-INORG treatment (P = 0.0185; Figure 
3.19). These results are similar to those reported by Spears and Kegley (2002) where they 
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investigated the effect of Zn level and source on carcass characteristics of steers. They 
reported that steers supplemented with an organic form of Zn had an improvement in 
dressing percentage compared to steers that were only supplemented with Zn in its 
inorganic form or provided no supplemented Zn. However, Ahola et al. (2005) found no 
differences for carcass dressing percent when supplementing Cu, Zn, and Mn in their 
organic versus inorganic form. The conflicting results between these studies could be due 
to the fact that Ahola et al. (2005) provided 33% organic mineral and 67% inorganic 
mineral for their organic treatment, where in the current study the organic treatment was 
composed of 100% organic Cu and Zn. Similar to the increased HCW observed when 
calves were provided organic Cu and Zn, it is possible that there is an increase in muscle 
protein turnover caused by more available Zn in the organic treatment, therefore adding 
more pounds of muscle resulting in improved dressing percent. 
 Results of meat quality analyses are shown in Table 3.6. Maternal/pre-weaning 
source of Cu and Zn did not influence (P > 0.05) any meat quality attributes. Source of 
Cu and Zn during the feeding phase did not (P < 0.05) influence meat pH, L*, b*, drip 
loss, percent moisture, total collagen or collagen solubility. Calves on the FL-ORG 
treatment had increased a* values compared with calves on the FL-INORG treatment (P 
= 0.0437).  However, the difference between these values (20.67 inorganic versus 20.93 
organic) are likely not large enough to be detectable by consumers as a difference in 
redness at the retail level. Furthermore, a decreased percentage of ether extractable fat 
was detected in steaks from FL-ORG calves compared to FL-INORG (P = 0.0323). 
However, this difference was not large enough to be detected by visual appraisal of 
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marbling.  The effects of Cu and Zn source on a* and crude fat percentage are not clear 
and more research is needed to fully understand these changes.   
 Steers had a greater pH (P = 0.0460), a* (P = 0.0012), b* (P = 0.0049), percent 
moisture (P = 0.0381), and total collagen content (P = 0.0007) when compared to 
heifers. Bass et al. (2010) reported results that are similar to the present study for pH in 
that steers had increased pH levels when compared to heifers. However, Wulf et al. 
(1997) determined that meat from heifers had a greater pH than steers and Zhang et al. 
(2009) found no differences in pH between the two genders. The reason for conflicting 
results between Wulf et al. (1997), Zhang et al. (2009), and this current study cannot 
clearly be determined. Page et al. (2001) and Wulf et al. (1997) also reported that steers 
had greater a* and b* values than heifers. However, Bass et al. (2010) and Woerner et al. 
(2011) both observed no differences in a* or b* between sexes. Wulf et al. (1997) 
suggested that heifers were more excitable than steers which could result in heifers 
having lower a* and b* measurements. Zhang et al. (2009) reported no differences 
between steers and heifers for percent moisture in meat samples, which is in contrast with 
the present study.  It is possible that the higher pH observed in steers resulted in greater 
moisture retention. Previous studies have reported that the pH/time relationship during 
the conversion of muscle to meat can affect the mobility of myowater, which is correlated 
to water holding capacity (WHC) as reported in a review of pork quality by Rosenvold 
and Andersen (2003). A study by Jeremiah and Martin (1982) supports the finding that 
steers have increased collagen content compared with heifers. Furthermore, Lucero-Borja 
et al. (2014) found a tendency for steers to have more total collagen than heifers, however 
Modzelewska-Kapitula and Nogalski (2014) found no differences in total collagen 
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content of the infraspinatus and semimembranosus between steers and heifers. 
Differences between studies could be related to the specific muscles analyzed. 
 There is limited research available related to the effects of mineral source or 
gender on sensory attributes of steaks. The results for steak sensory characteristics are 
shown in Table 3.7. Maternal/pre-weaning source of Cu and Zn did not have any 
influence (P > 0.05) on sensory attributes.  Source of Cu and Zn provided during the 
feeding phase did not affect sensory juiciness, beef flavor, off flavor or overall 
acceptability, but did have an effect on tenderness. Trained panelist indicated that steaks 
from calves on the FL-INORG treatment were more tender (P = 0.0190) than steaks from 
calves on the FL-ORG treatment. It is know that Cu plays a role in the formation of 
collagen (Larson, 2005; Gallop et al., 1972) and collagen has been shown to play a role in 
tenderness (Lepetit, 2008). With organic Cu being more readily available to the animal, it 
could be hypothesized that collagen content would be greater in calves supplemented 
with organic mineral. However, no treatment differences were observed for total collagen 
content in this study. It is possible that organic Cu supplementation may have increased 
collagen crosslinking, but again this is not supported by the collagen solubility data.  
 A day of aging by gender interaction was detected for steak purge loss (P = 
0.0135; Figure 3.20). As expected, purge loss increased over time. No differences in 
grams of purge loss were detected between genders at 3, 7, or 14 d of aging (P > 0.05; 
Figure 3.20).  However steers had an increased (P = 0.0046; Figure 3.20) amount of 
purge loss on d 21 compared to heifers.  No studies relating the effects of gender on 
purge loss are available in the literature. Chemical analysis indicated that steers had 
greater percent moisture compared to heifers (Table 6), which could lead to greater 
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amounts of purge. A difference in purge loss was also observed for the main effect of 
MPW treatment. Steaks from calves produced from cows on the MPW-ORG treatment 
had a greater amount of purge loss compared to steaks from calves produced from cows 
on the MPW-INORG treatment (P = 0.0101; Figure 3.21).  No studies to date have 
shown source of mineral supplementation to affect purge loss.  
 The main effect of days of postmortem aging affected percent cook yield of 
steaks. Cook yield was the lowest on d 7 (P < 0.0028; Figure 3.22) compared to d 3, 14 
and 21. Steaks aged 14 d were not different (P > 0.05) than steaks aged 3 or 21 d, 
however steaks aged 21 d had a greater percent cook yield than steaks aged 3 d (P = 
0.0028; Figure 3.22) or 7 d (P < 0.0001; Figure 3.20). Furthermore, calves on the FL-
INORG treatment had a greater cook yield compared to calves from the FL-ORG 
treatment (P = 0.0103; Figure 3.23). We are unaware of any other studies investigating 
the source of mineral supplementation on steak cook yield, and further research is needed 
to understand this effect. It is possible that supplementation of organic Cu and Zn did not 
allow as much water to bind to the muscle. This would cause more water to cook out of 
the steaks from the FL-ORG treatment leading to a decreased percent cook yield.  
 An interaction between days of aging and gender was observed for WBSF (P = 
0.0021; Figure 3.24). As expected, WBSF values decreased over time. Furthermore, 
steaks from heifers were tougher (P = 0.0004; Figure 3.24) after 3 d of aging when 
compared to steaks from steers aged 3 d and for both genders on d 7, 14, and 21 of aging 
(P < 0.0037; Figure 3.24). Postmortem aging has been routinely demonstrated to 
decrease WBSF values of meat (Smith et al. 1978; Huff and Parrish, 1993). Furthermore, 
previous research has reported that heifers tend to have increased WBSF values when 
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compared to steers with minimal aging (Mohrhauser et al. 2015; Wulf et al. 1997; Choat 
et al. 2006), which is in agreement with the results observed in the current study. 
Mohrhauser et al. (2015) also observed that heifers had greater WBSF values at 3 d 
postmortem compared to steers and Choat et al. (2006) found similar results at 7 d 
postmortem. However, Gruber et al. (2011) did not find any differences for WBSF values 
between steaks from each gender aged for 3, 7, 14, 21, or 28 d.   
 The results for muscle mineral content are shown in Table 3.8. A difference was 
observed for the main effect of MPW treatment for Se, and a difference for the FL 
treatment main effect for Zn. Calves from the MPW-INORG treatment had a greater 
concentration of Se present in the muscle (P = 0.0092) when compared to calves 
supplemented MPW-ORG Se. Further, calves from the FL-ORG treatment had a greater 
(P = 0.0470) concentration of Zn present in the muscle when compared to calves in the 
FL-INORG treatment. No other studies have shown the effects of mineral source on the 
mineral content of muscle. However, it is possible that the large amounts of Se present in 
the MPW-INORG calves diet prior to entering the feedlot (Figure 2.1) remained in the 
muscle for an extended period of time. Further, if organic Zn were more readily available 
to the body, calves provided organic Zn could deposit greater concentrations of Zn in the 
muscle.  A sex effect was observed for the concentration of Fe and Zn in the muscle. 
Steers had greater amounts of Fe (P = 0.0003) present in the muscle when compared to 
heifers. However, heifers had more Zn (P = 0.0074) present in the muscle than steers. 
Limited data is available indicating the influence of gender on mineral content of beef 
muscle. However, Doornenbal and Murray (1981) also reported similar results for Zn but 
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not for Fe when comparing genders. Furthermore, no Fe differences were observed in 
heart samples from three different strains of male and female mice (Hahn 2009).  
Conclusion  
 In conclusion, it is evident that maternal/pre-weaning and feeding phase mineral 
source can have varying effects on feedlot performance, carcass characteristics, meat 
quality, and sensory characteristics. Results of this study indicate that source of Cu and 
Zn supplementation produces differential responses dependent on gender for final BW, 
ADG, and G:F ratio. It is not clearly understood why mineral source would affect heifers 
and steers differently. Organic Cu and Zn provided during the feedlot period increased 
HCW, which is likely related to the role of Zn in muscle turnover. Mineral source did 
have an effect on certain meat quality attributes. Supplementation of organic Cu and Zn 
also lead to increased Zn concentration in muscle compared to supplementation of 
inorganic Cu and Zn. However, the mechanisms regulating these observations are not 
clearly understood and further research is required to fully understand the impact of pre- 
and post-weaning supplementation of organic and inorganic sources of Cu and Zn on 
beef cattle systems.  
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Figure 2.1: Effect of collection date on the liver Zn concentrations in cows supplemented with Cu and Zn 
from either inorganic or organic sources.1, 2
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1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 
10% and 15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning.
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves weaned. 
a,b,c Means lacking common superscripts differ for the main effect collection date (P < 0.0505). 
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Figure 2.2: Effect of collection date on the liver Cu concentrations in cows supplemented with Cu and Zn 
from either inorganic or organic sources.1, 2 
c 
b 
c 
a 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 
10% and 15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning.
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves. 
a,b,c Means lacking common superscripts differ for the main effect collection date (P < 0.0001). 
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Figure 2.3: Interaction between collection date and source of Cu and Zn on the liver Se concentrations 
in cows.1, 2, 3
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0273). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the 
breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth 
through weaning. 
3 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end of 
trial calves.  
a,b,c Means lacking common superscripts differ for maternal/pre-weaning treatment (MPW-INORG) (P < 0.0166). 
y,z Means lacking common superscripts differ for maternal/pre-weaning treatment (MPW-ORG) (P < 0.0001 ). 
* Treatment means within a day differ (P = 0.0136).
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Figure 2.4: Effect of collection date on the liver Co concentrations in cows supplemented with Cu and Zn 
from either inorganic or organic sources.1, 2 
b 
a 
ac c 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 
10% and 15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning.
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves.  
a,b,c Means lacking common superscripts differ for the main effect collection date (P < 0.0514). 
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 Figure 2.5: Effect of Cu and Zn source on the liver Co concentrations in cows.1, 2 
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1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the 
breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth 
through weaning. 
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves.  
a,b  Means lacking common superscripts differ for the main effect maternal/pre-weaning treatment (MPW) (P = 0.0055). 
8
3
 
  Figure 2.6: Effect of collection date on the liver Fe concentrations in cows supplemented with Cu and 
Zn from either inorganic or organic sources.1, 2 
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1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 
10% and 15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning.
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves.  
a,b Means lacking common superscripts differ for the main effect collection date (P < 0.0020). 
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Figure 2.7: Effect of collection date on the liver Mn concentrations in cows supplemented with Cu and 
Zn from either inorganic or organic sources.1, 2 
a 
b 
a 
b 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 
10% and 15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning.
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves.  
a,b Means lacking common superscripts differ for the main effect collection date (P < 0.0001). 
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Figure 2.8: Effect of collection date on the liver Mo concentrations in cows supplemented with Cu and Zn 
from either inorganic or organic sources.1, 2 
c 
b 
a a 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 
and 15 mg/kg Zn as either ZnSO4 or Bioplex Zn from 30 days prior to the breeding season through weaning.
2 5/22/12, start of trial; 12/18/12, cows primary forage is hay; 5/29/13, cows return to pasture with calves; 10/25/13, end 
of trial calves  
a,b,c Means lacking common superscripts differ for the main effect collection date (P < 0.0022). 
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 Figure 2.9: Interaction between collection date and source of Cu and Zn on body weight in cows.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P < 0.0001). 
2 Cow age was used as a covariate in the model and was significant (P< 0.0001) 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either 
CuSO4 and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the 
breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth 
through weaning. 
a,b,c Means lacking common superscripts differ for maternal/pre-weaning treatment (MPW-INORG) (P < 0.0100). 
x,y,z Means lacking common superscripts differ for maternal/pre-weaning treatment (MPW-ORG) (P < 0.0074). 
* Treatment means within a day differ (P < 0.0346).
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Figure 2.10: Interaction between collection date and Cu and Zn source on body condition score in 
cows.1, 2, 3, 4
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0203). 
2 Cow age was used as a covariate in the model, but was not significant (P > 0.05) 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
4 Cow body condition score (BCS); 1 to 9, 1 = extremely emaciated, 9 = very obese. 
a,b Means lacking common superscripts differ for maternal/pre-weaning treatment (MPW-INORG) (P < 0.0001). 
x,y,z Means lacking common superscripts differ for maternal/pre-weaning treatment (MPW-ORG) (P < 0.0218). 
* Treatment means within a day differ (P < 0.0047).
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 Figure 2.11: Interaction between year and Cu and Zn source on artificial insemination conception rates 
in cows.1, 2, 3, 4 
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1 Maternal/pre-weaning treatment (MPW) by year interaction (P = 0.0032). 
2 Dam BCS, age, and days post-partum were included as covariates.  
3 Dam’s days post-partum was significant (P = 0.0006). 
4 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the 
breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth 
through weaning. 
* Treatment means differ within year (P < 0.0209).
*
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Figure 2.12: Effect of Cu and Zn source and year on cow overall pregnancy.1, 2, 3 
1 Main effect maternal/pre-weaning treatment (MPW) (P = 0.4850); main effect year (P = 0.7621). 
2 Dam BCS, age, and days post-partum were included as covariates. 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
9
0
 
  Figure 2.13: Effect of maternal/pre-weaning Cu and Zn source and gender on total protein levels in sera 
samples collected from calves at 24-72 hours of age.1, 2  
1 Main effect maternal/pre-weaning treatment (MPW) (P = 0.7950); main effect gender (P = 0.7580). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
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Figure 2.14: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver Zn 
concentrations in suckling calves.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0139). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
3 5/29/13 = calves initial liver biopsy collected; 10/25/13 = calves weaned and final biopsy collected.  
a,b Means lacking common superscripts differ (P < 0.0001). 
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Figure 2.15: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver Cu 
concentrations in suckling calves.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0002). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning. 
3 5/29/13 = calves initial liver biopsy collected; 10/25/13 = calves weaned and final biopsy collected. 
a,b,c Means lacking common superscripts differ (P < 0.0365). 
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Figure 2.16: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver Co 
concentrations in suckling calves.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P < 0.0001). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
3 5/29/13 = calves initial liver biopsy collected; 10/25/13 = calves weaned and final biopsy collected.  
a,b,c Means lacking common superscripts differ (P < 0.0018). 
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1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P < 0.0001). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
3 5/29/13 = calves initial liver biopsy collected; 10/25/13 = calves weaned and final biopsy collected.  
a,b Means lacking common superscripts differ (P < 0.0001). 
Figure 2.17: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver Se 
concentrations in suckling calves.1, 2, 3 
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Figure 2.18: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver Mo 
concentrations in suckling calves.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0044). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
3 5/29/13 = calves initial liver biopsy collected; 10/25/13 = calves weaned and final biopsy collected.  
a,b Means lacking common superscripts differ (P < 0.0001). 
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 Figure 2.19: Effect of collection date on the liver Fe concentrations in suckling calves supplemented maternal/pre-
weaning with different Cu and Zn sources.1, 2 
b 
a 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 10% and 
15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning. Calves had ad 
libitum access to the same mineral supplement as their dam from birth through weaning.
2 5/29/13 = calves initial liver biopsy collected; 10/25/13 = calves weaned and final biopsy collected.  
a,b Means lacking common superscripts differ for the main effect collection date (P = 0.0138). 
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 Figure 2.20: Effect of maternal/pre-weaning Cu and Zn source on the liver Fe concentrations in suckling calves.1 
b 
a 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
a,b Means lacking common superscripts differ for the main effect maternal/pre-weaning treatment (MPW) (P = 0.0058). 
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 Figure 2.21: Effect of maternal/pre-weaning Cu and Zn source on the liver Mn concentrations in suckling calves.1 
b 
a 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
a,b Means lacking common superscripts differ for the main effect maternal/pre-weaning treatment (MPW) (P = 0.0199). 
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Figure 2.22: Effect of maternal/pre-weaning Cu and Zn source and gender on calf 205-d adjusted weaning 
weights.1
a 
b 
y 
x 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
a,b Means lacking common superscripts differ for the main effect maternal/pre-weaning treatment (MPW) (P = 0.0167). 
x,y Means lacking common superscripts differ for the main effect gender (P < 0.0001). 
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 Figure 2.23: Effect of maternal/pre-weaning Cu and Zn source, collection period, and gender on calf BRSV vaccine 
response in nursing calves.1, 2, 3, 4
1 Main effect maternal/pre-weaning treatment (MPW) (P = 0.3995); main effect collection period (P = 0.0887); main effect 
gender (P = 0.9127). 
2 Bovine respiratory virus (BRSV). 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning.
4 Pre-vaccination collection = 9/26/13; Pre-vaccination collection = 10/25/13.  
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 Figure 2.24: Effect of maternal/pre-weaning Cu and Zn source, collection period, and gender on calf IBRV vaccine 
response in nursing calves.1, 2, 3, 4 
1 Infectious bovine rhinotracheitis virus (IBRV). 
2 Main effect maternal/pre-weaning treatment (MPW) (P = 0.9146); main effect gender (P = 0.8803); main effect collection date 
(P = 0.4257). 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning.
4 Pre-vaccination collection = 9/26/13; Pre-vaccination collection = 10/25/13.  
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 Figure 2.25: Effect of collection period on calf BVDV type I vaccine response in nursing calves supplemented 
maternal/pre-weaning with different Cu and Zn sources.1, 2, 3 
1 Bovine viral diarrhea virus (BVDV). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 10% and 
15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning. Calves had ad 
libitum access to the same mineral supplement as their dam from birth through weaning.
3 Pre-vaccination collection = 9/26/13; Pre-vaccination collection = 10/25/13.  
a,b Means lacking common superscripts differ for the main effect collection date (P = 0.0020). 
0
1
2
3
4
5
6
7
BVDV pre-vaccination BVDV post-vaccination
T
it
er
 v
a
lu
e 
/ 
L
o
g
2
Collection 
a 
b 
1
0
3
 
0
1
2
3
4
5
6
7
BVDV II pre-vaccination BVDV II post-vaccination
T
it
er
 v
a
lu
e 
/ 
L
o
g
2
Collection
 Figure 2.26: Effect of collection period on calf BVDV type II vaccine response in nursing calves supplemented 
maternal/pre-weaning with different Cu and Zn sources.1, 2, 3 
a 
b 
1 Bovine viral diarrhea (BVDV). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu provided as either CuSO4 or Bioplex Cu 10% and 
15 mg/kg Zn as either ZnSO4 or Bioplex Zn 15% from 30 days prior to the breeding season through weaning. Calves had ad 
libitum access to the same mineral supplement as their dam from birth through weaning. 
3 Pre-vaccination collection = 9/26/13; Pre-vaccination collection = 10/25/13.  
a,b Means lacking common superscripts differ for the main effect collection date (P = 0.0007). 
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 Figure 3.1: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver 
Zn concentrations in calves fed a finishing diet.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0006). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
a,b,c Means lacking common superscripts differ (P < 0.0001). 
0
20
40
60
80
100
120
140
160
10/25/2013 5/3/2014
Z
n
, 
m
g
/k
g
Collection dates
MPW-INORG MPW-ORG
c 
c 
a 
b 
1
0
5
 
 
0
20
40
60
80
100
120
140
160
180
200
10/25/13 5/3/14
C
u
, 
m
g
/k
g
Collection dates
MPW-INORG MPW-ORG
Figure 3.2: Interaction between maternal/pre-weaning Cu and Zn source and collection date on the liver Cu 
concentrations in calves fed a finishing diet.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by collection date interaction (P = 0.0272). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment. 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
a,b Means lacking common superscripts differ (P < 0.0033). 
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Figure 3.3: Interaction between feeding phase Cu and Zn source and collection date on the liver Cu concentrations 
in calves fed a finishing diet.1, 2, 3 
1 Feedlot treatment (FL) by collection date interaction (P = 0.0306). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 mg Bioplex 
Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were sourced from 
cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows supplemented with Bioplex Cu 
or Zn from 30 days prior to breeding through weaning. Calves had access to the same mineral supplements as their dams from birth 
through weaning. 
a,b Means lacking common superscripts differ (P < 0.0039). 
a a 
1
0
7
 
0
20
40
60
80
100
120
140
160
180
10/25/13 5/3/14
C
u
, 
m
g
/k
g
Collection date
Heifers Steers
 Figure 3.4: Interaction between collection date and gender on the liver Cu concentrations in calves fed a 
finishing diet containing supplemental Cu and Zn from either inorganic or organic sources.1, 2 
1 Collection date by gender interaction (P = 0.0510). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
a,b Means lacking common superscripts differ for the main effect collection date (P < 0.0447). 
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Figure 3.5: Interaction between feeding phase Cu and Zn source and gender on the liver Cu 
concentrations in calves fed a finishing diet.1, 2, 3 
1 Feedlot treatment (FL) by gender interaction (P = 0.0101). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 
118 mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot 
treatment group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was 
sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had 
access to the same mineral supplements as their dams from birth through weaning. 
a,b Means lacking common superscripts differ (P < 0.0326). 
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 Figure 3.6: Effect of collection date on liver Se concentrations in calves fed finishing diets containing 
supplemental Cu and Zn from either inorganic or organic sources.1, 2, 3 
1, 2
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1 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
2 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 
mg Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were 
sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same 
mineral supplements as their dams from birth through weaning 
a,b Means lacking common superscripts differ for the main effect collection date (P = 0.0002). 
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 Figure 3.7: Effect of maternal/pre-weaning Cu and Zn source on the liver Se concentrations in calves 
fed a finishing diet.1 
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1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either 
CuSO4 and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to 
the breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam 
from birth through weaning. 
a,b Means lacking common superscripts differ main effect maternal/pre-weaning treatment (MPW) (P < 0.0001). 
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Figure 3.8: Effect of collection date on liver Co concentrations in calves fed finishing diets containing 
supplemental Cu and Zn from either inorganic or organic sources.1, 2 
1, 2
a 
b 
1 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
2 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 
mg Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group 
were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from 
cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to 
the same mineral supplements as their dams from birth through weaning 
a,b Means lacking common superscripts differ for the main effect collection date (P = 0.0095). 
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 Figure 3.9: Interaction between feeding phase Cu and Zn source and gender on the liver Co 
concentrations in calves fed a finishing diet.1, 2, 3 
a 
b 
1 Feedlot treatment (FL) by gender interaction (P = 0.0528). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 
mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment 
group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from 
cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the 
same mineral supplements as their dams from birth through weaning. 
a,b Means lacking common superscripts differ (P < 0.0335). 
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 Figure 3.10: Effect of collection date on liver Fe concentrations in calves fed finishing diets containing 
supplemental Cu and Zn from either inorganic or organic sources.1, 2 
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1 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
2 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 mg 
Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were 
sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same 
mineral supplements as their dams from birth through weaning 
a,b Means lacking common superscripts differ for the main effect collection date (P < 0.0001). 
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 Figure 3.11: Effect of maternal/pre-weaning Cu and Zn source on the liver Fe concentrations in calves fed a 
finishing diet.1
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning. 
a,b Means lacking common superscripts differ main effect maternal/pre-weaning treatment (MPW) (P = 0.0265). 
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 Figure 3.12: Effect of collection date on liver Mo concentrations in calves fed finishing diets containing 
supplemental Cu and Zn from either inorganic or organic sources.1, 2 
1 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
2 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 mg 
Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were 
sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same 
mineral supplements as their dams from birth through weaning 
a,b Means lacking common superscripts differ for the main effect collection date (P < 0.0001). 
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 Figure 3.13: Effect of maternal/pre-weaning Cu and Zn source on the liver Mo concentrations in calves fed a 
finishing diet.1
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning. 
a,b Means lacking common superscripts differ main effect maternal/pre-weaning treatment (MPW) (P = 0.0084). 
a 
b 
1
1
7
 
0
1
2
3
4
5
6
7
8
9
M
n
, 
m
g
/k
g
 Figure 3.14: Effect of collection date, maternal/pre-weaning and feeding phase Cu and Zn source, and 
gender on the liver Mn concentrations in calves fed a finishing diet.1, 2, 3, 4 
1 Main effect collection date (P = 0.1080); main effect maternal/pre-weaning treatment (MPW) (P = 0.7157); main 
effect feedlot treatment (FL) (P = 0.1213); main effect gender (P = 0.7276). 
2 10/25/13 = calves enter feedlot; 5/3/14 = 187 d on treatment.  
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either 
CuSO4 and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to 
the breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from 
birth through weaning. 
4 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 
118 mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot 
treatment group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was 
sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had 
access to the same mineral supplements as their dams from birth through weaning. 
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 Figure 3.15: Interaction between maternal/pre-weaning Cu and Zn source, collection date, and 
gender on optical density values in ovalbumin challenged calves fed a finishing diet.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by gender by sample day interaction (P = 0.0099). 
2  Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning. 
a-b Means lacking common superscripts differ for day 0 (P < 0.0187). 
y-z Means lacking common superscripts differ between day within treatment*gender (P < 0.0147). 
by 
z 
z 
by 
by 
z 
z 
z 
z 
ay y 
y 
1
1
9
 
0
100
200
300
400
500
600
700
FL-INORG FL-ORG FL-INORG FL-ORG
MPW-INORG MPW-ORG
B
W
, 
k
g
Treatments
Heifers
Steers
 Figure 3.16: Interaction between maternal/pre-weaning and feeding phase Cu and Zn source and gender on 
final body weights in calves fed a finishing diet.1, 2, 3, 4  
1 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction by gender interaction (P = 0.0238). 
2 Initial BW was included in the model as a covariate and was significant (P = 0.0019). 
3  Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 and 
ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season 
through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through weaning. 
4 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 mg 
Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were 
sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same mineral 
supplements as their dams from birth through weaning. 
a,b,c Means lacking common superscripts differ (P < 0.0377). 
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1 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction by gender interaction (P = 0.0255). 
2 Initial BW was included in the model as a covariate, but was not significant (P > 0.05). 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
4 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 mg 
Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group 
were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same 
mineral supplements as their dams from birth through weaning. 
a-b Means lacking common superscripts differ (P < 0.0346). 
Figure 3.17: Interaction between maternal/pre-weaning and feeding phase Cu and Zn source and 
gender on average daily gain in calves fed a finishing diet.1, 2, 3, 4 
abc 
abc 
a 
abc 
c bc 
ab a 
1
2
1
 
0
0.05
0.1
0.15
0.2
0.25
FL-INORG FL-ORG FL-INORG FL-ORG
MPW-INORG MPW-ORG
G
:F
 r
a
ti
o
Treatments
Heifers
Steers
 
1 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction by gender interaction (P = 0.0271). 
2 Initial BW was included in the model as a covariate, but was not significant (P > 0.05). 
3 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
4 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 mg 
Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group 
were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same mineral 
supplements as their dams from birth through weaning. 
a-b Means lacking common superscripts differ (P < 0.0271). 
Figure 3.18: Interaction between maternal/pre-weaning and feeding phase Cu and Zn source and 
gender on gain:feed ratio in calves fed a finishing diet.1, 2, 3, 4 
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  Figure 3.19: Interaction between maternal/pre-weaning and feeding phase Cu and Zn source on 
carcass dressing percentage in calves fed a finishing diet.1, 2, 3 
1 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction (P = 0.0185). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as 
either CuSO4 and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 
days prior to the breeding season through weaning. Calves had ad libitum access to the same mineral supplement 
as their dam from birth through weaning. 
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, 
and 118 mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each 
feedlot treatment group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the 
other half was sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through 
weaning. Calves had access to the same mineral supplements as their dams from birth through weaning. 
a-b Means lacking common superscripts differ (P < 0.0031). 
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Figure 3.20: Interaction between postmortem aging and gender on steak percent purge loss from calves fed 
finishing diets containing supplemental Cu and Zn from either inorganic or organic sources.1, 2, 3 
1 Purge loss = [(in bag wt. – bag wt.) – out of bag wt. / (in bag wt. – bag wt.)] *100 
2 Days of aging by gender interaction (P = 0.0135). 
3 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 mg 
Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were sourced 
from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows supplemented 
with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same mineral 
supplements as their dams from birth through weaning. 
a,b Means lacking common superscripts differ (P < 0.0404). 
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 Figure 3.21: Effect of maternal/pre-weaning Cu and Zn source on steak percent purge loss from calves fed 
a finishing diet.1, 2
1 Purge loss = [(in bag wt. – bag wt.) – out of bag wt. / (in bag wt. – bag wt.)] *100 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the 
breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth 
through weaning. 
a,b Means lacking common superscripts differ main effect maternal/pre-weaning treatment (MPW) (P = 0.0101). 
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 Figure 3.22: Effect of postmortem aging on steak percent cook yield in calves fed finishing diets 
containing supplemental Cu and Zn from either inorganic or organic sources.1, 2, 3, 4, 5 
1 Cook yield = (cooked steak wt. / fresh steak wt.) * 100   
2 Steak end point cook temperature was included as a covariate in the model, and was significant (P < 0.0001) 
3 Main effect age (P < 0.0001) 
4 Steak end point cook temperature was included as a covariate in the model, and was significant (P < 0.0001) 
5 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 mg 
Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were 
sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows 
supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same 
mineral supplements as their dams from birth through weaning. 
a,b Means lacking common superscripts differ for the main effect days of aging (P < 0.0028). 
a b ac 
c 
1
2
6
 
75
75.5
76
76.5
77
77.5
FL-INORG FL-ORG
S
te
a
k
 c
o
o
k
 y
ie
ld
, 
%
Treatments
 Figure 3.23: Effect of feeding phase Cu and Zn source on steak percent cook yield in in calves fed a 
finishing diet.1, 2, 3
b 
a 
1 Cook yield = (cooked steak wt. / fresh steak wt.) * 100   
2 Steak end point cook temperature was included as a covariate in the model, and was significant (P < 0.0001) 
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 
mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment 
group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from 
cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the 
same mineral supplements as their dams from birth through weaning. 
a,b Means lacking common superscripts differ main effect feedlot treatment (FL) (P = 0.0103). 
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 Figure 3.24: Interaction between postmortem aging and gender on steak Warner-Bratzler shear force from 
calves fed finishing diets containing supplemental Cu and Zn from either inorganic or organic sources.1, 2, 3 
bc 
a 
1 Days of aging by gender interaction (P = 0.0021). 
2 Steak end point cook temperature was included as a covariate in the model, and was not significant (P > 0.05) 
3 Calves were fed diets containing either 79 mg CuSO4 or 101 mg Bioplex Cu 10%, and either 108 mg ZnSO4 or 118 mg 
Bioplex Zn 15%, per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were sourced 
from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from cows supplemented with 
Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same mineral supplements as 
their dams from birth through weaning. 
a - d Means lacking common superscripts differ (P < 0.0263). 
c 
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Table 2.1: Pasture nutrient composition.1, 2 
Treatment MPW-INORG MPW-ORG
Year 20123,5    20134,6   20123,7   20136,8 
Forage DM, % 94.02 93.53 93.87   93.70 
CP, % 9.40 8.78 9.10     8.47 
ADF, % 37.13 33.72 38.58   32.98 
NDF, % 63.14 68.92 65.69   67.81 
Ash, % 7.70 7.50 7.29 7.44 
Ether, % 2.43 2.20 2.34 1.99 
Ca, % 0.28 0.38 0.32 0.36 
P, % 0.19 0.17 0.18 0.18 
Mg, % 0.11 0.13 0.11 0.11 
K, % 1.57 1.55 1.39 1.32 
S, % 0.18 0.17 0.16 0.17 
Na, % 0.03 0.03 0.02 0.01 
Cl, % 0.51 0.36 0.41 0.24 
Se, ppm 0.48 0.66 0.61 0.29 
Mn, ppm 50.33 48.00 46.50 38.33 
Zn, ppm 40.00 26.50 36.25 25.67 
Cu, ppm 18.33 11.75 19.25 14.00 
Fe, ppm 222.67 221.75 309.25 230.67 
Mo, ppm 0.98 4.35 1.10 3.02 
1 Cows had ad libitum access to a mineral supplement containing 15 
mg/kg Cu and 15 mg/kg Zn provided as either  CuSO4 and ZnSO4 
(MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-
ORG) from 30 days prior to the breeding season through weaning. 
Calves had ad libitum access to the same mineral supplement as their dam 
from birth through weaning. 
22012 was a drought year across the United States. 
3 Precipitation during application of treatments in 2012 = 27.58 cm 
(January – December) 
4 Precipitation during application of treatments in 2013 = 43.87 cm 
(January – October) 
5 Cows were rotated through 3 different pastures in 2012. 
6 Cows were rotated through 4 different pastures in 2013. 
7 Cows were rotated through 4 different pastures in 2012. 
8 Cows were rotated through 3 different pastures in 2013. 
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  Table 2.2: Hay and cake supplement nutrient composition.1 
  Ingredient 
Nutrient Hay source 1 Hay source 2 30% winter cake 
Forage DM, % 92.91 92.70 90.53 
CP, % 7.69 11.74 30.72 
ADF, % 39.56 43.43 15.01 
NDF, % 59.69 60.56 22.73 
Ash, % 9.78 9.75 7.39 
Ether, % 3.32 1.96 2.38 
Ca, % 0.33 1.16 0.61 
P, % 0.14 0.20 0.88 
Na, % 0.21 0.05 0.37 
Cl, % 0.45 0.13 0.45 
Mg, % 0.17 0.23 0.45 
K, % 1.09 1.93 1.48 
S, % 0.35 0.16 0.55 
Se, ppm 0.26 0.42 0.92 
Fe, ppm 196 695 203 
Cu, ppm 14 15 7 
Mn, ppm 79 65 115 
Zn, ppm 29 26 87 
Mo, ppm  2.17 1.75 1.28 
1 All cows received both sources of hay from December of 2012 – June of 2013.  
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  Table 2.3:  Pasture mineral supplement nutrient composition.  
 Treatment1, 2 
Nutrient MPW-INORG MPW-ORG 
Ca, % 12 12 
P, % 12 12 
Na, % N/A N/A 
Cl, % N/A N/A 
Mg, % 1.5 1.5 
K, % 0.3 0.3 
Co, ppm 30 30 
Cu, ppm 15 15 
I, ppm 180 180 
Mn, ppm N/A N/A 
Se, ppm N/A N/A 
Zn, ppm 15 15 
Vitamin A, IU/lb 200,000 200,000 
Vitamin D3, IU/lb 15,000 15,000 
Vitamin E, IU/lb 500 500 
1 All minerals were supplemented in their inorganic form unless 
otherwise noted.  
2 Cows had ad libitum access to a mineral supplement containing 15 
mg/kg Cu and 15 mg/kg Zn provided as either  CuSO4 and ZnSO4 
(MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-
ORG) from 30 days prior to the breeding season through weaning. 
Calves had ad libitum access to the same mineral supplement as their 
dam from birth through weaning. 
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Table 3.1:  Ingredient and nutrient composition of diets provided to cattle on 
the inorganic Cu and Zn treatment.1 
Ingredient: 0d -23d 24d – 30d 31d – 38d 39d - 195d2 
Grass hay, % 15.3 10.3 5.7 0.0 
Dried distillers grains 
plus solubles, % 10.7 5.9 4.3 0.0 
Corn silage, % 68.1 51.3 34.6 15 
Dried rolled corn, % 0.0 26.2 52.3 78.5 
INORG supplement., %3 6.0 5.9 5.8 5.8 
Analyzed composition     
     DM, % 63.45 69.49 75.45 82.51 
     CP, % 13.72 12.85 12.70 12.01 
     ADF, % 24.64 18.58 12.98 6.10 
     NDF, % 39.66 30.93 23.08 13.24 
     Ash, % 6.42 5.36 4.49 3.35 
     Ether, % 3.21 3.44 3.73 4.01 
     Ca, % 0.63 0.57 0.51 0.44 
     P, % 0.34 0.32 0.32 0.31 
     Mg, % 0.28 0.23 0.20 0.15 
     K, % 1.13 0.92 0.76 0.53 
     S, % 0.30 0.24 0.21 0.15 
     Na, % 0.14 0.12 0.12 0.10 
     Cl, % 0.29 0.25 0.21 0.16 
     Mn, ppm 34.76 28.08 22.05 14.54 
     Zn, ppm 39.11 36.50 35.77 33.53 
     Cu, ppm 16.11 14.18 12.41 10.26 
     Fe, ppm 137.35 114.32 94.39 68.95 
     Mo, ppm 1.04 0.87 0.71 0.52 
1 Dry matter basis 
2 Days on study diets were fed 
3 INORG supplement contained SBM, urea, salt, limestone 38%, vitamin ADE, monensin, 
trace mineral premix (CoSO4, CuSO4, EDDI (ethylenediamine dihydroiodide), NaO3Se, 
ZnSO4).   
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Table 3.2:  Ingredient and nutrient composition of diets provided to cattle on 
the organic Cu and Zn treatment.1 
Ingredient: 0d -23d 24d – 30d 31d – 38d 39d - 195d2 
Grass hay, % 15.2 10.2 5.7 0.0 
Dried distillers grains 
plus solubles, % 10.6 5.9 4.3 0.0 
Corn silage, % 68.2 51.5 34.6 15.0 
Dried rolled corn, % 0.0 26.6 49.6 79.3 
ORG supplement, %3 6.0 5.9 5.8 5.8 
Analyzed composition     
     DM, % 63.40 69.40 75.46 82.51 
     CP, % 14.01 13.12 12.98 12.28 
     ADF, % 24.70 18.66 13.08 6.18 
     NDF, % 39.54 30.83 22.99 13.14 
     Ash, % 6.40 5.34 4.48 3.33 
     Ether, % 3.22 3.45 3.73 4.02 
     Ca, % 0.64 0.58 0.52 0.45 
     P, % 0.34 0.32 0.32 0.31 
     Mg, % 0.28 0.23 0.20 0.15 
     K, % 1.13 0.92 0.76 0.53 
     S, % 0.30 0.24 0.21 0.15 
     Na, % 0.15 0.13 0.13 0.11 
     Cl, % 0.31 0.26 0.23 0.18 
     Mn, ppm 34.50 27.84 21.80 14.28 
     Zn, ppm 39.70 37.06 36.35 34.10 
     Cu, ppm 17.43 15.47 13.69 11.52 
     Fe, ppm 137.86 114.75 95.06 69.53 
     Mo, ppm 1.04 0.87 0.72 0.52 
1 Dry matter basis 
2 Days on study diets were fed 
3 ORG supplement contained SBM, urea, salt, limestone 38%, vitamin ADE, monensin, 
trace mineral premix (CoSO4, Bioplex Cu 10%, EDDI (ethylenediamine dihydroiodide), 
NaO3Se, Bioplex Zn 15%).   
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Table 3.3: Nutrient composition of dietary ingredients provided during the entire 
feeding phase.  
Ingredient: 
Grass 
hay 
Dried distillers 
grains plus 
solubles 
Corn 
silage 
Dried 
rolled 
corn 
INORG 
supplement1 
ORG 
supplement2 
Diet DM, % 92.38 87.46 51.04 88.07 87.95 87.81 
CP, % 8.99 32.22 7.18 8.89 67.32 72.22 
ADF, % 56.26 9.23 21.71 3.25 4.56 6.12 
NDF, % 70.71 27.46 37.36 9.04 8.16 6.53 
Ash, % 7.91 6.69 4.24 1.46 26.90 26.68 
Ether, % 1.14 6.8 3.18 4.28 2.50 2.64 
Ca, % 0.58 0.08 0.18 0.02 6.94 7.07 
P, % 0.26 1.18 0.22 0.32 0.39 0.41 
Mg, % 0.32 0.49 0.24 0.13 0.21 0.21 
K, % 2.47 1.58 0.72 0.42 1.55 1.58 
S, % 0.33 1.16 0.16 0.13 0.33 0.33 
Na, %  0.08 0.34 0.02 0.03 1.28 1.46 
Cl, % 0.58 0.25 0.12 0.07 1.58 1.85 
Mn, ppm 33.00 22 33.33 6.33 78.33 74.00 
Zn, ppm 21.67 92 28.67 29.00 108.33 118.33 
Cu, ppm 9.33 8.33 13.33 4.67 79.00 101.00 
Fe, ppm 270.67 111 93.50 44.33 343.00 353.67 
Mo, ppm 2.63 0.46 0.49 0.25 4.30 4.39 
1 INORG supplement contained SBM, urea, salt, limestone 38%, vitamin ADE, monensin, trace 
mineral premix (CoSO4, CuSO4, EDDI (ethylenediamine dihydroiodide), Na selenite, ZnSO4).   
2 ORG supplement contained SBM, urea, salt, limestone 38%, vitamin ADE, monensin, trace 
mineral premix (CoSO4, Bioplex Cu 10%, EDDI (ethylenediamine dihydroiodide), NaO3Se, Bioplex 
Zn 15%). 
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Table 3.4: Effect of maternal/pre-weaning Cu and Zn and finishing diet containing supplemental Cu and Zn from either inorganic or 
organic sources fed to calves on feedlot performance. 1   
                             Treatment Gender P - value 
 MPW2               FL3      
Trait INORG ORG INORG ORG SEM Heifers Steers SEM MPW4 FL5 G6 MPW x FL7 
Initial BW, kg 246.28 259.39 252.19 253.49 6.745 243.7 262.0 6.641 0.0006 0.7142 < 0.0001 0.2211 
DMI , kg/hd/d  8.24 8.06 8.08 8.23 0.202 8.10 8.21 0.199 0.2116 0.1646 0.5113 0.4805 
1 Initial BW was included in the model as a covariate for DMI, but was not significant (P > 0.05). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either  
CuSO4 and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to 
the breeding season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from 
birth through weaning. 
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 
118 mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot 
treatment group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was 
sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had 
access to the same mineral supplements as their dams from birth through weaning. 
4 Main effect maternal/pre-weaning treatment (MPW) 
5 Main effect feedlot treatment (FL)  
6 Main effect gender  
7 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction 
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Table 3.5: Effect of maternal/pre-weaning Cu and Zn and finishing diet containing supplemental Cu and Zn from either inorganic or 
organic sources fed to calves on carcass characteristics. 
                             Treatment Gender P - value 
 MPW1               FL2      
Trait INORG ORG INORG ORG SEM Heifers Steers SEM MPW3 FL4 G5 MPW x FL6 
HCW, kg7, 8 334.91 334.89 331.21 338.60 5.957 322.39 347.42 5.916 0.9969 0.0383 0.0003 0.3619 
12th rib ft, cm2, 9 1.22 1.26 1.30 1.19 0.158 1.29 1.20 0.155 0.5576 0.1747 0.2165 0.7591 
LMA, cm2, 10 34.08 33.98 33.78 34.29 0.298 34.23 33.84 0.298 0.8155 0.2381 0.3767 0.7266 
% KPH 2.20 2.18 2.19 2.19 0.152 2.12 2.26 0.149 0.7467 0.9951 0.0482 0.9959 
Final YG11 2.54 2.64 2.63 2.54 0.176 2.47 2.71 0.173 0.2930 0.3636 0.0304 0.7624 
Marbling score12 485 484 494 475 7.079 488 481 7.079 0.8892 0.0681 0.5306 0.5519 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either  CuSO4 
and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding 
season through weaning. Calves had ad libitum access to the same mineral supplement as their dam from birth through 
weaning. 
2 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 
mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment 
group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other half was sourced from 
cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same 
mineral supplements as their dams from birth through weaning. 
3 Main effect maternal/pre-weaning treatment (MPW) 
4 Main effect feedlot treatment (FL)  
5 Main effect gender  
6 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction 
7 Hot carcass weight 
8 Initial BW was included in the model as a covariate for only HCW and was significant (P = 0.0225). 
9 12th rib back-fat thickness 
10 Loin muscle area 
11 Final yield grade 
12 Marbling score, 300 = slight0, 400 = small0, 500 = modest0  
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Table 3.6: Effect of maternal/pre-weaning Cu and Zn and finishing diet containing supplemental Cu and Zn from either inorganic or organic 
sources fed to calves on meat characteristics. 
Treatment Gender P - value 
MPW1 FL2
Trait INORG ORG INORG ORG SEM Heifers Steers SEM MPW3 FL4 G5 MPW x FL6
pH 5.53 5.55 5.54 5.54 0.011 5.52a 5.56b 0.011 0.2611 0.7029 0.0460 0.1048 
Minolta color value 
   L* 40.02 40.04 40.03 40.03 0.183 39.77 40.29 0.258 0.9518 0.9822 0.0585 0.8563 
   a* 20.75 20.85 20.67 20.93 0.085 20.56 21.03 0.085 0.3925 0.0437 0.0012 0.3925 
   b* 11.98 11.97 11.90 12.04 0.097 11.75 12.20 0.097 0.9332 0.3167 0.0049 0.2748 
Drip loss, g 0.544 0.534 0.529 0.548 0.023 0.521 0.557 0.023 0.7629 0.5530 0.2827 0.2959 
Moisture, % 71.51 71.25 71.30 71.45 0.147 71.14 71.61 0.147 0.2258 0.4843 0.0381 0.5492 
Fat, % 5.12 5.39 5.45 5.06 0.120 5.39 5.11 0.120 0.1258 0.0323 0.1175 0.8691 
Total collagen, mg/g7 4.53 4.52 4.57 4.49 0.106 4.22 4.84 0.106 0.9651 0.6007 0.0007 0.6623 
Soluble collagen. %8 15.68 14.31 15.68 14.31 0.847 14.16 15.83 0.847 0.2704 0.2715 0.1834 0.6811 
1 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either  CuSO4 and ZnSO4 (MPW-INORG) or as 
Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season through weaning. Calves had ad libitum access to the same mineral 
supplement as their dam from birth through weaning. 
2 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 mg Bioplex Zn 15% (FL-ORG), per kg DM 
throughout the feedlot phase. Half of the calves in each feedlot treatment group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the 
other half was sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had access to the same mineral 
supplements as their dams from birth through weaning. 
3 Main effect maternal/pre-weaning treatment (MPW) 
4 Main effect feedlot treatment (FL)  
5 Main effect gender  
6 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction 
7 Calculated as mg collagen/g wet meat weight. 
8 Calculated as a percent of total collagens. 
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Table 3.7: Effect of maternal/pre-weaning Cu and Zn and finishing diet containing supplemental Cu and Zn from either inorganic or 
organic sources fed to calves on steak sensory characteristics.1 
Treatment Gender P - value 
MPW2 FL3
Trait INORG ORG INORG ORG SEM Heifers Steers SEM MPW4 FL5 G6 MPW x FL7
Sensory Panel8
   Tenderness 6.05 6.32 6.48 5.89 0.348 6.25 6.12 0.337 0.2614 0.0190 0.5245 0.0777 
   Juiciness 5.08 5.28 5.31 5.05 0.135 5.29 5.07 0.124 0.3397 0.1891 0.2203 0.4067 
   Beef flavor 5.38 5.33 5.32 5.39 0.102 5.40 5.32 0.093 0.7462 0.6150 0.5544 0.7071 
   Off flavor 7.56 7.63 7.55 7.63 0.067 7.62 7.56 0.062 0.5270 0.3941 0.5074 0.5895 
   Overall 
acceptability 
5.39 5.48 5.44 5.43 0.113 5.55 5.32 0.104 0.6362 0.9633 0.1472 0.0607 
1 Steak end point cook temperature was included as a covariate in the model, and was significant for juiciness, beef flavor, and overall flavor (P < 0.05). 
2 Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as either  CuSO4 and ZnSO4 (MPW-INORG) or 
as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 days prior to the breeding season through weaning. Calves had ad libitum access to the 
same mineral supplement as their dam from birth through weaning. 
3 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, and 118 mg Bioplex Zn 15% (FL-ORG), 
per kg DM throughout the feedlot phase. Half of the calves in each feedlot treatment group were sourced from cows supplemented with the sulfate forms of 
Cu and Zn while the other half was sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through weaning. Calves had 
access to the same mineral supplements as their dams from birth through weaning. 
4 Main effect maternal/pre-weaning treatment (MPW) 
5 Main effect feedlot treatment (FL)  
6 Main effect gender  
7 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction 
8 Sensory score using an eight point hedonic scale for tenderness (8=extremely tender to 1=extremely tough), juiciness (8=extremely juicy to 1=extremely 
dry), beef flavor (8=extremely intense to 1=non-detectable), off flavor (8=non-detectable to 1=extremely intense), overall acceptability (8=extremely 
acceptable to 1=extremely unacceptable) 
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Table 3.8.  Effect of maternal/pre-weaning Cu and Zn source on meat mineral content in calves fed a finishing diet containing 
supplemental Cu and Zn from either inorganic or organic sources. 
Treatment Gender P - value 
MPW1 FL2
Trait INORG ORG INORG ORG SEM Heifers Steers SEM MPW3 FL4 G5 MPW x FL6
Cu, ppm 1.711 1.529 1.574 1.667 0.467 1.493 1.748 0.460 0.2995 0.6647 0.2237 0.4493 
Co, ppm 0.053 0.049 0.052 0.050 0.003 0.047 0.055 0.003 0.4381 0.6447 0.1396 0.9150 
Mo, ppm 0.059 0.056 0.056 0.059 0.004 0.058 0.057 0.004 0.5267 0.5654 0.8473 0.6899 
Fe, ppm 54.48 54.23 54.52 54.19 4.537 49.80 58.91 4.464 0.8820 0.8751 0.0003 0.6656 
Mn, ppm 0.919 0.692 0.845 0.766 0.119 0.801 0.810 0.119 0.1976 0.6483 0.9585 0.6608 
Se, ppm 0.949 0.883 0.906 0.926 0.016 0.897 0.936 0.016 0.0092 0.3777 0.1017 0.7887 
Zn, ppm 122.0 123.1 118.2 126.9 7.672 128.6 116.5 7.553 0.7464 0.0470 0.0074 0.5072 
1  Cows had ad libitum access to a mineral supplement containing 15 mg/kg Cu and 15 mg/kg Zn provided as 
either  CuSO4 and ZnSO4 (MPW-INORG) or as Bioplex Cu 10% and Bioplex Zn 15% (MPW-ORG) from 30 
days prior to the breeding season through weaning. Calves had ad libitum access to the same mineral supplement 
as their dam from birth through weaning. 
2 Calves were fed diets containing 79 mg CuSO4 and 108 mg ZnSO4 (FL-INORG), or 101 mg Bioplex Cu 10%, 
and 118 mg Bioplex Zn 15% (FL-ORG), per kg DM throughout the feedlot phase. Half of the calves in each 
feedlot treatment group were sourced from cows supplemented with the sulfate forms of Cu and Zn while the other 
half was sourced from cows supplemented with Bioplex Cu or Zn from 30 days prior to breeding through 
weaning. Calves had access to the same mineral supplements as their dams from birth through weaning. 
3 Main effect maternal/pre-weaning treatment (MPW) 
4 Main effect feedlot treatment (FL)  
5 Main effect gender  
6 Maternal/pre-weaning treatment (MPW) by feedlot treatment (FL) interaction 
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